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Abstract: A monographic revision of the hyphomycete genus Cladosporium s. lat. (Cladosporiaceae, Capnodiales) is presented. It includes a detailed historic overview of
Cladosporium and allied genera, with notes on their phylogeny, systematics and ecology. True species of Cladosporium s. str. (anamorphs of Davidiella), are characterised by
having coronate conidiogenous loci and conidial hila, i.e., with a convex central dome surrounded by a raised periclinal rim. Recognised species are treated and illustrated with
line drawings and photomicrographs (light as well as scanning electron microscopy). Species known from culture are described in vivo as well as in vitro on standardised media
and under controlled conditions. Details on host range/substrates and the geographic distribution are given based on published accounts, and a re-examination of numerous
herbarium specimens. Various keys are provided to support the identification of Cladosporium species in vivo and in vitro. Morphological datasets are supplemented by DNA
barcodes (nuclear ribosomal RNA gene operon, including the internal transcribed spacer regions ITS1 and ITS2, the 5.8S nrDNA, as well as partial actin and translation
elongation factor 1-a gene sequences) diagnostic for individual species. In total 993 names assigned to Cladosporium s. lat., including Heterosporium (854 in Cladosporium
and 139 in Heterosporium), are treated, of which 169 are recognized in Cladosporium s. str. The other taxa are doubtful, insufficiently known or have been excluded from
Cladosporium in its current circumscription and re-allocated to other genera by the authors of this monograph or previous authors.
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INTRODUCTION

Species of Cladosporium are cosmopolitan in distribution and
commonly encountered on all kinds of plant, fungal and other
debris, are frequently isolated from soil, food, paint, textiles and
other organic matters or colonise as secondary invaders leaf
lesions caused by plant pathogenic fungi (Ellis 1971, 1976).
Conidia of Cladosporium species also represent the most common
fungal component isolated from air (Farr et al. 1989, Flannigan
2001, Mullins 2001). With their small conidia, usually formed in
branched chains, they are well adapted to be spread easily in
large numbers over long distances. Other species of this genus
are plant pathogenic, i.e., they are causal agents of leaf spots and
other lesions (Schubert 2005b), or they occur as hyperparasites
on other fungi (Heuchert et al. 2005). Cladosporium species are
also known to be common endophytes (Riesen & Sieber 1985,
Brown et al. 1998, El-Morsy 2000) as well as phylloplane fungi
(Islam & Hasin 2000, de Jager et al. 2001, Inacio et al. 2002, Stohr
& Dighton 2004, Levetin & Dorseys 2006). Some species have a
medical relevance in clinical laboratories and may cause allergic
lung mycoses (de Hoog et al. 2000). Because many Cladosporium
species are cosmopolitan, are agents of decay, deterioration, or a
cause of allergy or even plant or animal disease, and are often of
high environmental impact, the genus is of interest to researchers
in a wide variety of disciplines.

Moreover, Cladosporium is one of the largest and most
heterogeneous genera of hyphomycetes, currently encompassing
more than 772 names (Dugan et al. 2004). Until relatively recently,
all kinds of unrelated dematiaceous hyphomycetes characterised
by having amero- to phragmosporous conidia formed in acropetal
chains had been assigned to Cladosporium s. lat., creating a
considerable obstacle to a monograph of this genus. Therefore,
Cladosporium was considered in most urgent need of critical
revision by the International Commission on the Taxonomy
of Fungi (Hawksworth 1986). Various authors discussed the
heterogeneity of Cladosporium s. lat. and proposed new, more
natural circumscriptions of this genus (e.g., von Arx 1981, 1983,
Morgan-Jones & Jacobsen 1988, McKemy & Morgan-Jones
1990, Morgan-Jones & McKemy 1990, Braun 1995b, Partridge
& Morgan-Jones 2002, 2003). Based on re-assessments of
morphological features and molecular data, various groups of
cladosporioid anamorphs could be excluded from Cladosporium
s. str., e.g., human pathogenic species [Herpotrichiellaceage] (de
Hoog et al. 1995, Masclaux et al. 1995), Venturia anamorphs
[Venturiaceae] (Schubert et al. 2003, Beck et al. 2005) and several
heat-resistant fungi [Teratosphaeriaceae] (Seifert et al. 2004).
David (1997) revised Cladosporium species previously referred
to as Heterosporium and, using a scanning electron microscopic
approach, demonstrated that the genus Cladosporium is well-
characterised and easily recognisable by its unique structure of

Copyright CBS-KNAW Fungal Biodiversity Centre, P.O. Box 85167, 3508 AD Utrecht, The Netherlands.

You are free to share - to copy, distribute and transmit the work, under the following conditions:
Attribution:
Non-commercial: ~ You may not use this work for commercial purposes.
No derivative works: You may not alter, transform, or build upon this work.

You must attribute the work in the manner specified by the author or licensor (but not in any way that suggests that they endorse you or your use of the work).

For any reuse or distribution, you must make clear to others the license terms of this work, which can be found at http://creativecommons.org/licenses/by-nc-nd/3.0/legalcode. Any of the above conditions can be waived if you get

permission from the copyright holder. Nothing in this license impairs or restricts the author’s moral rights.




BENSCH ET AL.

the conidiogenous loci and conidial hila, which he classified as
coronate, i.e., composed of a central convex dome surrounded
by a raised periclinal rim. David’s (1997) approach was critical for
enabling a revision of the genus Cladosporium. Afew years later, the
first attempts were made to revise and monograph Cladosporium
s. lat. (Crous et al. 2001). Braun et al. (2003) published results
of the first molecular examinations of Cladosporium s. lat., clearly
confirming the strong heterogeneity of this genus. Furthermore,
they showed that the teleomorphs of Cladosporium s. str. species,
previously referred to Mycosphaerella, warrant placement in a
new separate genus, Davidiella. Although no clear morphological
differences were reported between Davidiella and Mycosphaerella,
a further study by Aptroot (2006) found ascospores of Davidiella
to have characteristic irregular cellular inclusions (lumina),
which are absent in species of Mycosphaerella, along with
periphysoids and pseudoparaphyses (Schubert et al. 2007b).
Furthermore, higher order phylogenetic studies, which employed
DNA sequence data of four loci (SSU nrDNA, LSU nrDNA, EF-1a,
RPB2), revealed that species of Davidiella cluster in a separate
family [Cladosporiaceae (= Davidiellaceae)] from species of
Mycosphaerella (Mycosphaerellaceae), with both families residing
in Capnodiales (Dothideomycetes), and not Dothideales as always
presumed (Schoch et al. 2006, 2009a, b, Crous et al. 2009b). In
a series of papers, various Cladosporium species have been re-
examined and reassessed, based on the new circumscription of the
genus (Schubert & Braun 2004, 2005a, b, 2007, Schubert 20053,
Schubert et al. 2006, Braun & Schubert 2007, Braun et al. 2008a).
Schubert (2005b) monographed foliicolous Cladosporium species,
and Heuchert et al. (2005) published a morphotaxonomic treatment
of fungicolous taxa. These papers were important steps towards a
modern revision of Cladosporium. However, the recently published,
comprehensive revisions of numerous cladosporioid genera,
based on molecular sequence analyses, cultures and morphology
(Crous et al. 2006, 2007a) provided the final necessary component
required for the preparation of the present taxonomic study.

In the present treatment, a survey of Cladosporium s. lat. is
given, i.e., the current knowledge about the taxonomy of true species
of Cladosporium (s. str.) is reflected, and excluded taxa, previously
assigned to Cladosporium s. lat., are listed with reference to their
current status and generic affinity. Taxa for which type specimens
or any other authentic collections could not be traced, do not exist,
or have not been available on loan are separately listed. Accepted
species are described in vivo and, if data are available, also in
vitro. However, only a small fraction of Cladosporium species is
known from culture. Furthermore, the recently published revisions
of Cladosporium herbarum s. lat. (Schubert et al. 2007b), C.
sphaerospermum s. lat. (Zalar et al. 2007, Dugan et al. 2008) and
C. cladosporioides s. lat. (Bensch et al. 2010) clearly showed that
these saprobic species have to be considered as heterogeneous
complexes, composed of several genetically and morphologically
distinguished species. Unfortunately, the examination of the
diversity, phylogeny and taxonomy of Cladosporium s. str. is still
in an initial phase, and thus the present work should be seen as a
handbook reflecting on the current taxonomic status quo.

HISTORICAL OVERVIEW

Comprehensive reviews of the history of Cladosporium have been
provided by David (1997), Heuchert et al. (2005) and Schubert
(2005b), and are briefly discussed below. The genus Cladosporium

was established in 1816 by Link, who described it as follows:
“Thallus e floccis caespitosis, erectis simplicibus aut subramosis,
apicibus in sporidia secedentibus. A Sporothricho et QOidio differt
floccis non intricatis, ab Acladio, sporidiis apici primum innatis, dein
delabentibus”. Link (1816) included C. herbarum [introduced by
Persoon (1794) as Dematium herbarum and later reclassified by
Link (1809) as Acladium herbarum], C. abietinum [= Trentepohlia
abietina, fide Hughes (1958)], C. atrum [= sterile fungus, fide
Hughes (1958)] and C. aureum [= ?Trentepohlia aurea, lectotype
of Trentepohlia]. Clements & Shear (1931) proposed C. herbarum
as lectotype species, a decision followed by de Vries (1952) and
Hughes (1958). Cladosporium became rapidly established in
the literature, being used by Martius (1817), Nees (1817) and in
Fries’ “Systema mycologicum” (1821, 1832), and encompassed a
steadily growing number of species. Link (1824) described seven
species, Corda (1837) listed 15 species and Rabenhorst (1844) 23
species. This number grew to 110 in Saccardo (1886), who already
noted this genus as being problematic. The steady increase in taxa
continued, so that by 1931, 270 species had been described in
the genus and listed in the various volumes of Saccardo’s “Sylloge
fungorum”. Most of the original diagnoses of the species concerned
are very brief and imprecise. Although available information of
many of the older taxa has been rather meagre, description of new
species has continued unabatedly. Since 1950, more than 130
new species have been added (Morgan-Jones & McKemy 1990).
Prasil & de Hoog (1988) estimated Cladosporium to have around
540 species. A recently published checklist contains data for 772
Cladosporium names, i.e., valid, invalid, legitimate and illegitimate
species, varieties, formae as well as herbarium names (Dugan et
al. 2004). Reasons for this vast number of taxa probably reside
in the imprecise, wide circumscription of this genus in literature,
the strong morphological variability of most species, and the
occurrence of some species on a wide range of substrates.

De Vries (1952) examined Cladosporium in vitro and provided
descriptions of nine species with a further 13 species as an
appendix. Ellis (1971, 1976), who followed a very wide generic
concept, treated 43 species. Morgan-Jones and McKemy initiated a
series “Studies in the genus Cladosporium sensu lato”, in which they
dealt with selected species providing comprehensive descriptions
of their features in vivo and in vitro (Morgan-Jones & McKemy
1990, McKemy & Morgan-Jones 1990, 1991a—c). Descriptions
and an expanded key to the Cladosporium species available in
culture was provided by Ho et al. (1999), but the authors followed
a rather wide taxonomic concept, including species that belong to
other genera. Zhang et al. (2003) published a monograph of the
genera Cladosporium, Fusicladium and Pyricularia from China,
including numerous new Chinese Cladosporium species previously
published by Zhang and co-workers. Furthermore, they reported
numerous old species introduced in the 19th or early 20th century to
occur in China, but without having seen any type material of these
taxa, so that these names have probably often been misapplied.
Unfortunately, the access to type material and additional collections
cited in this work, which are deposited at MHYAU, was refused and
could therefore not be re-examined. Morphotaxonomic revisions
of foliicolous as well as fungicolous Cladosporium species have
recently been carried out by Schubert (2005b) and Heuchert et al.
(2005), respectively.

The status of the genus Heterosporium has been controversial.
Based on characteristically large, mostly phragmosporous conidia,
usually formed singly, and mostly rather coarse, fasciculate
conidiophores often emerging through stomata, several authors
considered Heterosporium a genus distinct from Cladosporium
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(e.g., von Arx 1983, McKemy & Morgan-Jones 1990). De Vries
(1952) concluded that a separation of the two genera based on the
formation and septation of conidia is impractical and not tenable,
since all kinds of transitions occur, and reduced Heterosporium to
synonymy with the latter genus, a treatment supported by Hughes
(1958). Ellis (1971, 1976) followed this arrangement and transferred
the names of the remaining accepted species of Heterosporium to
Cladosporium. Von Arx (1981) reinstated the use of Heterosporium
and emphasised that the recognition of Heterosporium was a first
step towards delineating homogenous genera in the Cladosporium
complex. During the course of monographic studies in the genus
Heterosporium, David (1997) examined Cladosporium and
Heterosporium by means of scanning electron microscopy (SEM)
and clearly demonstrated that the conidiogenous loci and conidial
hila in the two genera are very similar, i.e., they are coronate with
a central convex dome and a raised periclinal rim. Based on these
results, he again placed Heterosporium in Cladosporium, and
proposed the combination Cladosporium subgen. Heterosporium.
Braun et al. (2003) confirmed this treatment based on molecular
data.

Masclaux et al. (1995), Untereiner (1997), Gerrits van den
Ende & de Hoog (1999), Untereiner & Naveau (1999), Untereiner
et al. (1999) and de Hoog et al. (2000) treated and revised former
human pathogenic Cladosporium species, using molecular and
physiological approaches. Based on comprehensive molecular
sequence analyses and morphological re-assessments, Braun
et al. (2003), Crous et al. (2006, 2007b—d), Schubert et al.
(2007a) and Seifert et al. (2004, 2007), revised various parts of
the heterogeneous complex of cladosporioid hyphomycetes,
demonstrating that numerous groups of species previously
referred to as Cladosporium have to be excluded since they do
not agree with Cladosporium s. str. [Capnodiales, Cladosporiaceae
(Schoch et al. 2006, 2009a, b, Crous et al. 2007b, 2009b)], neither
morphologically nor genetically.

GENERIC CONCEPT AND CIRCUMSCRIPTION OF
CLADOSPORIUM BASED ON MORPHOLOGY AND
PHYLOGENETIC DATA

Due to the very brief, imprecise circumscription of the genus
Cladosporium in the past, numerous superficially similar pigmented,
holoblastic hyphomycetes with amero- to phragmosporous conidia
formed in acropetal chains have been placed in Cladosporium s.
lat., which made this genus very heterogeneous and polyphyletic.
This heterogeneity has been recognised and discussed by several
authors (von Arx 1981, McKemy & Morgan-Jones 1990, David
1997).

The circumscription and delimitation of Cladosporium s. str. has
to be based on morphology and phylogeny of its type species, C.
herbarum. David (1997) pointed out that C. herbarum and other
genuine Cladosporium spp., including former Heterosporium spp.,
are well-characterised by having a unique type of conidiogenous
locus and conidial hilum that he classified as coronate, ie.,
with a central convex dome, surrounded by a raised periclinal
rim. Cladosporium herbarum and all other true Cladosporium
spp. had been, as far as known, considered anamorphs of the
ascomycete genus Mycosphaerella. Previous molecular studies
employing rDNA ITS sequence data (Crous et al. 2001) had
shown Cladosporium-like taxa clustering adjacent to the main
monophyletic Mycosphaerella clade, suggesting a position apart of
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the latter genus. Braun et al. (2003) confirmed David’s (1997) new
circumscription of Cladosporium using molecular approaches, and
introduced the new genus Davidiella for the former Mycosphaerella
teleomorphs of Cladosporium s. str., since they formed a well-
supported sister clade of Mycosphaerella s. str., the latter
having cercosporoid anamorphs. Aptroot (2006) found additional
morphological characters for a better circumscription of Davidiella
and an easier delimitation against Mycosphaerella s. str., which
enabled him to refer some species of the former genus to Davidiella
in spite of the lacking Cladosporium anamorphs. Ina comprehensive
phylogenetic treatment of Dothideomycetes based on the analysis
of four nuclear loci, Schoch et al. (2006) assigned Davidiella with
its Cladosporium anamorphs to the family Cladosporiaceae, which
they placed in Capnodiales, together with Mycosphaerellaceae. A
detailed morphological as well as molecular re-examination of C.
herbarum, the type species of Davidiella, has been published by
Schubert et al. (2007b).

Wirsel etal. (2002) and Park et al. (2004) carried out phylogenetic
studies within Cladosporium s. str. Wirsel et al. (2002) analysed
ITS data of strains isolated from common reeds in Germany,
compared them with sequences from GenBank and cultures
from the CBS (Utrecht, the Netherlands), and distinguished three
species, viz., C. herbarum, C. oxysporum and Cladosporium sp.
Beside ITS sequences, they generated two additional phylogenies,
viz., analyses based on the differentiation of the fungi by their
capacity to metabolise different carbon sources and a second
approach, using actin gene sequences, in which they discovered a
highly variable intron sequence. Species phylogenies based on this
protein-encoding gene exhibited higher resolution compared with
the ITS tree leading to further differentiation in terminal branches.
Furthermore, it could be shown that all strains with smooth conidial
surfaces clustered together, as did all isolates with rough-walled
conidia, thus reflecting a possible division among plant-associated
Cladosporium species based on conidial ornamentation. However,
due to the limited dataset, including only few Cladosporium
species, a final conclusion could not be drawn. Wirsel et al. (2002)
emphasised that multilocal analyses of the genome, based on
a larger number of isolates from different geographical regions
are necessary to redefine species borders within Cladosporium.
The weak resolution in phylogenetic trees based solely on ITS
sequences, insufficient for molecular delimitation at species rank,
was also pointed out by Braun et al. (2003). Schubert et al. (2007b)
carried out comprehensive molecular and morphological analyses
of the C. herbarum complex and demonstrated that a multilocal DNA
approach, based on five genes, viz., DNA ITS, actin, calmodulin,
translation elongation factor (1-a) and histone H3, resulted in a
much better resolution, appropriate for species analyses. In the
study carried out by Park et al. (2004), the sequences of the D1/D2
regions of the LSU rDNA genes and the ITS regions of the rDNA
were employed in order to establish molecular standards for the
demarcation of the common airborne species C. herbarum, C.
cladosporioides and C. sphaerospermum.

Based on re-assessments of morphological features and
molecular data, various groups of cladosporioid anamorphs could
be excluded from Cladosporium s. str., e.g., human pathogenic
species and Venturia anamorphs. Human pathogenic species, now
known to be species of Cladophialophora (teleomorph: Capronia,
Herpotrichellaceae) differ in their morphology (conidiophores
lacking or semi-macronematous, hila not coronate, less pigmented)
and physiology (inability to liquefy gelatine), differences confirmed
by molecular data (de Hoog et al. 1995, Untereiner 1997,
Untereiner et al. 1999, de Hoog et al. 2000). Fusicladium species
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with catenate conidia have often been assigned to Cladosporium.
The revision of the genus Fusicladium (teleomorph: Venturia,
Venturiaceae) showed these species to be genuine members of
the latter genus (Schubert et al. 2003), a conclusion confirmed by
molecular data (Beck et al. 2005, Crous et al. 2007d). The structure
of the conidiogenous loci and hila of the genus Fusicladium is quite
distinct from those of Cladosporium in being more or less denticle-
like, truncate to slightly convex (but non-coronate), unthickened,
not darkened or only somewhat darkened-refractive. Cladosporium
malorum (now Chalastospora gossypii) was shown to pertain to
Pleosporales (Braun et al. 2003, Crous et al. 2009a).

Other species originally placed in Cladosporium, proved
to be Mycosphaerella anamorphs belonging in Passalora,
Pseudocercospora, Stenella and Zasmidium respectively (Crous &
Braun 2003, Schubert & Braun 2005a, b, 2007, Braun & Schubert
2007). Species of the genus Passalora possess conspicuous, more
or less fruncate, somewhat thickened and darkened-refractive
conidiogenous loci and hila, and Pseudocercospora is easily
distinguishable by its inconspicuous, unthickened and usually
not darkened conidiogenous loci (Crous & Braun 2003, Crous et
al. 2007c). The genus Stenella has traditionally been linked to
teleomorphs accommodated in Mycosphaerella (Crous & Braun
2003, Crous et al. 2004b, 2006). However, recent phylogenetic
studies have shown that Mycosphaerella is polyphyletic (Crous et
al. 2007b), and that many of these anamorph lineages represent
distinct genera with Mycosphaerella-like teleomorphs, clustering in
different families in Capnodiales (Crous et al. 2009a—c). Stenella is
a cercosporoid hyphomycete genus for species characterised by
having superficial, verruculose hyphae with solitary to aggregated
conidiophores, conidiogenous cells with conspicuous conidiogenous
loci (thickened, darkened and refractive), and conidia formed singly
or in chains, with thickened, darkened and refractive hila (Crous
& Braun 2003). In a subsequent study, Zasmidium with its type
species Z. cellare, proved to be the oldest name for Stenella-like
hyphomycetes within Mycosphaerellaceae (Arzanlou et al. 2007).
However, the type species of Stenella, S. araguata, clusters within
Teratosphaeriaceae, and differs in having pileate conidiogenous
loci (versus planate, cercosporoid loci in Zasmidium). Taxa with
a Zasmidium-like morphology appear to be paraphyletic within
Mycosphaerellaceae (Crous et al. 20094, b), and these taxa should
be separated from Stenella, which has species with a different
scar structure and belongs to Teratosphaeriaceae (Braun et al.
2008a). Hence, Braun et al. (2010) and Kamal (2010) reallocated
most former Stenella species with planate, cercosporoid scars to
Zasmidium.

On account of morphological, molecular and ecological
features, Seifert ef al. (2004) recently separated Cladosporium
staurophorum from Cladosporium s. str. and introduced the new
hyphomycete genus Devriesia (Teratosphaeriaceae, Capnodiales;
Crous et al. 2007b) to accommodate a group of five heat-resistant
species that is also Cladosporium-like in its general morphology.
During the course of the morphotaxonomic revision of fungicolous
Cladosporium species (Heuchert et al. 2005), two additional
genera have been published, viz., Digitopodium with Digitopodium
hemileiae (basionym: Cladosporium hemileiae) as type species and
Parapericoniella with its type species Parapericoniella asterinae
(Figs 1, 2).

Cladosporium musae, a leaf-spotting fungus on banana leaves,
has recently been assigned to the new genus Metulocladosporiella,
an additional segregate of Cladosporium s. lat., which differs from
morphologically allied genera in having conidiophores which are
pigmented, frequently branched in a metula-like manner, with

much paler tips, forming paler, often subhyaline conidia. The
conidiogenous loci are subconspicuous to conspicuous, ie.,
unthickened or almost so, but somewhat darkened-refractive (Crous
et al. 2006). The introduction of this genus was phylogenetically
supported, showing that it pertains to Chaetothyriales.

Comprehensive molecular and morphological re-examination
of further complexes of cladosporioid hyphomycetes showed that
numerous other taxa have to be excluded and reassessed (Crous
et al. 2007a). Some former Cladosporium species have been
assigned to the new genus Penidiella[anamorphs of Teratosphaeria,
Teratosphaeriaceae, Capnodiales (Crous et al. 2007b)], other
species have been placed in the new genera Rachicladosporium
(Capnodiales, incertae sedis), Toxicocladosporium (Capnodiales,
incertae sedis), Verrucocladosporium (Capnodiales, incertae sedis),
Hyalodendriella (Helotiales, incertae sedis), Ochrocladosporium
(Pleosporales, incertae sedis), and Rhizocladosporium (Helotiales,
incertae sedis) (Crous et al. 2007c). Schubert et al. (2007a)
introduced the new genus Dichocladosporium to accommodate
the Cladosporium occurring on Paeonia spp. [C. chlorocephalum,
C. paeoniag], for which, however, the older name Graphiopsis is
available (Braun et al. 2008a). Seifert et al. (2007) revisited the
creosote fungus (Amorphotheca resinae, anamorph Cladosporium
avellaneum) and the resin fungus (Hormodendrum resinae,
Cladosporium resinae, Sorocybe resinae), previously also confused
with Cladosporium (Figs 1, 2).

Generic concept and circumscription of
Cladosporium s. str.

Cladosporium Link, Ges. Naturf. Freunde Berlin Mag.
Neuesten Entdeck. Gesammten Naturk. 7: 37. 1816 : Fr.,

Syst. mycol. 3(2): 368. 1832.

= Sporocladium Chev., Fl. gén. env. Paris 1. 1826.

= Heterosporium Klotzsch, Herb. Viv. Mycol., Cent. |, No. 69. 1832, nom. inval.
= Heterosporium Klotzsch ex Cooke, Grevillea 5: 122. 1877.

= Myxocladium Corda, Icon. fung. 1: 12. 1837.

= Didymotrichum Bonord., Handb. Mykol.: 89. 1851.

= Acrosporella Riedl & Ershad, Sydowia 29: 166. 1977 [*1976"].

= Davidiella Crous & U. Braun, Mycol. Progr. 2(1): 8. 2003

[teleomorph name, see notes below].

= Mycosphaerella auct. p.p.

Type species: C. herbarum (Pers. : Fr.) Link (Clements & Shear
1931: 395). Lectotype: sine loco, sine dato (L 910.225-733),
selected by Prasil & de Hoog (1988). Epitype: the Netherlands,
Wageningen, isolated from Hordeum vulgare, 2005, P.W. Crous,
CBS H-19853, designated by Schubert et al. (2007b). Isoepitype:
HAL 2022 F. Ex-epitype cultures: CPC 12100 = CBS 121621, CPC
12178, 12179, 12181, 12183.

Lit.: de Vries (1952), Hughes (1958), Ellis (1971), Domsch et al.
(1980), Prasil & de Hoog (1988), David (1997), Samson et al.
(2000), Schubert et al. (2007b).

In vivo: Dematiaceous hyphomycetes; anamorphs of Davidiella.
Colonies punctiform to effuse, mostly olivaceous-brown to
blackish brown or with a grey-olivaceous appearance, velvety,
floccose or villose. Mycelium internal or external, superficial;
hyphae branched, septate, subhyaline to usually pigmented,
smooth, sometimes slightly rough-walled to verruculose.
Stromata absent to sometimes well-developed. Conidiophores
mononematous, usually macronematous, solitary, fasciculate, in
small to large fascicles, loosely to densely caespitose, usually
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Fig. 1 (Part 1). Cladosporium-like genera. A. Devriesia americana (CBS 117726; Crous et al. 2007c). B. Fusicladium proteae (CBS 130599; Crous et al. 2011a). C. Stenella
araguata (IMI 34905; Crous et al. 2007c). D. Zasmidium cellare (CBS 146.36; Arzanlou et al. 2007). E. Rachicladosporium luculiae (CBS 121620; Crous et al. 2007c). F.
Sorocybe resinae (DAOM 11381; Seifert et al. 2007). Scale bars = 10 pym.

erect, occasionally subdecumbent, decumbent or repent, straight from repeated enteroblastic proliferation). Conidiogenous
to flexuous, unbranched or branched, continuous to septate, cells integrated, terminal or intercalary, monoblastic or usually
subhyaline to usually distinctly pigmented, smooth to verruculose, polyblastic, mostly sympodially proliferating, more or less
proliferation holoblastic, occasionally enteroblastic (after a period cylindrical, geniculate-sinuous or nodulose, sometimes with
when growth has stopped and then resumed), usually sympodial, unilateral swellings, conidiogenous loci usually conspicuous,
rarely monopodial (sometimes leaving coarse annellations protuberant, composed of a central convex dome surrounded by a
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Fig. 1 (Part 2). Cladosporium-like genera. A. Ochrocladosporium elatum (CBS 146.33; Crous et al. 2007c). B. Hortea thailandica (CBS 125423; Crous et al. 2009b). C.
Penidiella columbiana (CBS 486.80; Crous et al. 2007b). D. Ramularia cynarae (CBS 128912; Koike et al. 2011). E. Rhizocladosporium argillaceum (CBS 241.67; Crous et al.
2007c). Scale bars = 10 pum.

more or less raised periclinal rim (coronate), thickened, refractive
or barely to distinctly darkened; conidial formation holoblastic.
Conidia solitary or catenate, in unbranched or branched acropetal
chains, amero- to phragmosporous, shape and septation
variable, usually subglobose, ovoid, obovoid, ellipsoid, fusiform,
limoniform to cylindrical, aseptate or with several transverse
eusepta, rarely with a single longitudinal septum, subhyaline to
usually pigmented, smooth, verruculose, verrucose, echinulate,

cristate, hila protuberant, coronate, with a central convex dome
and raised periclinal rim, thickened, refractive to darkened;
microcyclic conidiogenesis often occurring.

In vitro: Stromata usually lacking. Conidiophores usually solitary,
arising terminally or laterally from plagiotropous or ascending
hyphae, often longer than in vivo. Micronematous conidiophores,
lacking in vivo, are often formed in culture. Conidial chains often
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Fig. 1 (Part 3). Cladosporium-like genera. A. Toxicocladosporium irritans (CBS 185.58; Crous et al. 2007c). B. Verrucocladosporium dirinae (CBS 112794; Crous et al. 2007c).
C. Hyalodendriella betulae (CBS 261.82; Crous et al. 2007c). D. Hormodendrum resinae (DAOM 41888; Seifert et al. 2007). E. Passalora californica (CBS 128857; Koike et al.
2011). F. Metulocladosporiella musae (CBS 121396; Crous et al. 2006). G. Amorphotheca resinae (DAOM 170427; Seifert et al. 2007). Scale bars = 10 ym.
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Fig. 1 (Part 4). Cladosporium-like genera. A. Periconioid morph of Graphiopsis chlorocephalum (HAL 1924 F). B. Cladosporioid morph of Graphiopsis chlorocephalum (HAL
2011 F). C. Parapericoniella asterinae (IMI 11851b). D. Cladophialophora potulentorum (CBS 115144). E. Penidiella columbiana (CBS 486.80). F. Digitopodium hemileiae (BPI

426854). Scale bars = 10 um.
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Saccharomyces cerevisiae Z73326
1001 Athelia decipiens AY586632
o 4[[ Athelia epiphylla AY586633 Atheliales
Basidiomycota_100| ' 781 Athelia neuhoffi GQ162812
Haplotrichum curtisii EU118629 . .
= Haplotrichum conspersum AY586657 Corticiales
81 Botryobasidium subcoronatum EU118607
100! Botryobasidium subcoronatum EU909344 Cantharellales
100r Seifertia azaleae EU030276
Beverwykella pulmonaria GU301804
100 Ascochyta pisiDQ678070
100} Phoma herbarum DQ678066
. Didymella cucurbitacearum AY293792
5Didymella bryoniae AB266850 Pleosporales
o4r Leptospora rubella DQ195792
Phaeosphaeria avenaria AY544684
78~ Coniothyrium palmarum EU040225
761y Ochrocladosporium elatum EU040233
B 100~ Ochrocladosporium frigidarii EU040234
—— Blumeria graminis f. sp. bromi AB022362 Erysiphales
Myxotrichum deflexum AY541491
Rhizocladosporium argillaceum EU040240
100 99Hormoconis resinae EU040231
Hormoconis resinae EU040230 Helotiales
- Bisporella citrina AY789385
20 canges Torrendiella eucalypti DQ195799
Neofabraea alba AY064705
Hyalodendriella betulae EU040232
100— Sorocybe resinae EU030277
| | Lasallia pustulata AY300839
1001 100 Cladophialophora australiensis EU035402
Cladophialophora chaetospira EU035406
g2~ Capronia peltigerae HQ613813 Chaeto-
Glyphium elatum AF346420 thyriales
100, Metulocladosporiella musae DQ008161
Metulocladosporiella musae DQ008162
100|; Metulocladosporiella musicola DQ008159
T 100! Metulocladosporiella musicola DQ008160
Polyscytalum algarvense GQ303318
100f 99— Polyscytalum fecundissimum EU035441
Phlogicylindrium eucalyptiDQ923534 .
o 78l £ Pidoplitchkoviella terricola AF096197 S
Ascomycota 100| 74 Subramaniomyces fusisaprophyticus EU040241
Parapleurotheciopsis inaequiseptata EU040235
100] Diaporthe phaseolorum AY346279
_[{ Diaporthe angelicae AY196781 Diaporthales
69] °*1 Taeniolella alta DQ377938
100 Chaetomium globosum AF286403
Aporothielavia leptoderma AF096186 .
Chaetomium homopilatum AF286404 SRS
v Retroconis fusiformis EU040239

Fig. 2. The first of 528 equally most parsimonious trees obtained from a heuristic search with 100 random taxon additions of the LSU sequence alignment using PAUP v. 4.0b10.
The scale bar shows 20 changes, and bootstrap support values from 1 000 replicates are shown at the nodes. Thickened lines indicate the strict consensus branches and orders
are indicated to the right of the tree. Generic names in green belong to Cladosporium s.str., those in red were in the past considered to be species of Cladosporium but were
subsequently renamed and those genera in blue are morphologically similar to Cladosporium and can be confused with it. The tree was rooted to Saccharomyces cerevisiae

(GenBank Z73326).
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Fig. 2. (Continued).

longer than in vivo (species with solitary conidia are often capable
of forming conidial chains in culture).

Notes: In this monograph, we follow the spirit of the “Amsterdam
Declaration (Hawksworth et al. 2011), i.e. the proposal to apply
the principle “one fungus one name” and the impacts of decisions
made in Melbourne in July 2011 during the International Botanical
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Congress (Hawksworth 2011), in particular the abolishment of Art.
59 dealing with pleomorphic fungi. As all names, anamorph-typified
as well as teleomorph-typified, will be nomenclaturally treated as
equal in future, the name Cladosporium has priority over Davidiella
at generic rank, and is also the more commonly used name in
literature. Therefore, Davidiella is cited here as a synonym of
Cladosporium. The abolishment of Art. 59 will come into effect only
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in January 2013. Nevertheless we prefer to follow the new rules in
advance. Nomenclatural consequences are not to be apprehended
as any combinations of teleotypified names to anamorph-typified
genera and vice versa result in valid names according to Art. 59 of
the old ICBN.

According to Lindau (1907), Mydonosporium is synonymous
with Cladosporium, a conclusion supported by de Vries (1952).
However, this conclusion could not be confirmed since type material
of its type species could not be examined since it is not preserved.
Fries (1949) reallocated the type species of Azosma (Corda 1831),
A. helminthosporioides, to Cladosporium, whereas Saccardo
and Traverso (Saccardo 1913a) assigned it to Macrosporium (=
Alternaria). The identity of Azosma remains doubtful and could
not be proven since type material is not preserved. Von Arx
(1983) considered Acroconidiella a synonym of Heterosporium
and reduced Stenella to synonymy with Cladosporium. However,
Acroconidiella possesses tretic conidiogenous cells and the
structure of the conidiogenous loci and hila within the genus
Stenella s. lat. is quite distinct from those of Cladosporium by being
pileate (Stenella s. str.) to planate (former species of Stenella s. lat.
now assigned to Zasmidium), i.e. in any case without dome and
raised rim. Hence, the two genera have to be retained as separate
genera (Crous & Braun 2003). Type material of Acrosporella (Riedl
& Ershad 1977) has recently been examined and shown to be a
synonym of Cladosporium (Braun 2009).

Subgeneric concepts

Attempts to divide Cladosporium into subgeneric units are
complicated due to the high degree of variability in the conidial size,
shape, septation, pigmentation, surface ornamentation as well as
in the conidiophore morphology and size of the particular species.
The habit of Cladosporium species is often significantly influenced
by external impacts, e.g., substrate differences, climatic conditions,
diverse geographic influences, etc. Colonies grown in vitro or in
moisture chambers are often strongly deviating from those found
on natural substrates.

Historical proposals to divide Cladosporium into smaller subunits
are unsatisfactory and have been barely practical (David 1997).
Saccardo (1886) introduced a system based on host preferences.
On the basis of ecological and morphological characteristics and
differences in vitro, Krangauz (1970) divided Cladosporium in three
subgenera (“Parasiticum’”, “Eucladosporium” and “Saprophyticum”),
which were, however, not validly published. Von Arx (1983)
proposed four informal sections (excl. Heterosporium), again based
on ecological preferences. David (1997) introduced a subgeneric
classification on the basis of morphological differences, recognising
the subgenera Heterosporium (conidia solitary or in short unbranched
chains, without ramoconidia, conidia rather uniform), Bistratosporium
(conidia in branched chains, ramoconidia present, walls of the conidia
distinctly two-layered) and Cladosporium (conidia in branched
chains, ramoconidia present, conidia polymorphous, walls always
one-layered). The latter subgenus was separated into the sections
Cladosporium (conidiophores proliferating) and Hormodendropsis
(conidiophores determinate, not proliferating). These two types
of conidiophore proliferation have previously been recognised by
de Vries (1952) and McKemy & Morgan-Jones (1991c). However,
Samson et al. (2000) mentioned that the two types could not always
be sharply defined.

The phenomenon of two-layered, thickened conidial walls, giving
conidia a somewhat zonate appearance, was initially described

3% www.studiesinmycology.org

in C. coryphae, for which David (1997) introduced the subgenus
Bistratosporium. A re-examination of type material revealed
that the walls of the conidiophores are also often distinctly two-
layered, which was not described and illustrated by David (1997).
During the course of morphotaxonomic studies of fungicolous
and foliicolous Cladosporium species several other species have
been re-described, which possess conidia and conidiophores
with two-layered walls, e.g., C. episclerotiale (Heuchert et al.
2005), C. ushuwaiense and C. oreodaphnes (Schubert 2005b).
Since the conidia of these species are much smaller, wall layers
are not as conspicuous as in C. coryphae but nevertheless two
distinct wall layers are visible. In several collections of C. herbarum,
conidiophores and few conidia with thickened, two-layered walls
have also been observed, i.e., conidiophores and conidia with
one- and two-layered walls are often mixed in particular species
or even single collections of a species. Hence, Bistratosporium is
undoubtedly not tenable at subgeneric rank.

The introduction of subgenera based on the three major
species complexes is probably warranted. Schubert et al. (2007b)
and Bensch et al. (2010) resolved the species complexes of C.
herbarum and C. cladosporioides, which form well-supported
subclades. Species of the C. sphaerospermum complex are
well-characterised by having globose or subglobose, pigmented,
almost smooth to verrucose terminal conidia and 0-3-septate,
smooth or verruculose ramoconidia (Ellis 1971, Zalar et al. 2007)
and share a similar ecology since they are often isolated from
extreme ecological environments, but C. sphaerospermum-like
species may not represent a single monophyletic group but belong
to various species complexes within Cladosporium (Zalar et al.
2007). However, final conclusions about a subgeneric classification
of Cladosporium are not yet possible. Additional molecular
examinations of a wider range of species are necessary to see if
more species complexes exist in the genus Cladosporium.

Generic concept of the teleomorph, Davidiella

Davidiella Crous & U. Braun, Mycol. Progr. 2: 8. 2003,
emend. in Schubert et al. (2007b).

Type species: Davidiella tassiana (De Not.) Crous & U. Braun,
Mycol. Progr. 2: 8. 2003.
Basionym: Sphaerella tassiana De Not., Sferiacei Italici 1: 87. 1863.

Ascomata pseudothecial, black to red-brown, globose,
inconspicuous and immersed beneath stomata to superficial,
situated on a reduced stroma, with 1(-3) short, periphysate
ostiolar necks; periphysoids frequently growing down into cavity;
wall consisting of 3-6 layers of textura angularis. Asci fasciculate,
short-stalked or not, bitunicate, subsessile, obovoid to broadly
ellipsoid or subcylindrical, straight to slightly curved, 8-spored.
Pseudoparaphyses frequently presentin mature ascomata, hyaline,
septate, subcylindrical. Ascospores bi- to multiseriate, hyaline,
obovoid to ellipsoid-fusiform, with irregular luminar inclusions,
mostly thick-walled, straight to slightly curved; frequently becoming
brown and verruculose in asci; at times covered in mucoid sheath.
Cladosporium anamorph usually produced in culture, but not in all
taxa.

Notes: The genus Davidiella (Cladosporiaceae) was recently

introduced for teleomorphs of Cladosporium s. str. (Braun et
al. 2003). The introduction of Davidiella was mainly based on
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phylogenetic studies within Mycosphaerellaceae (Braun et al. 2003),
where it could be demonstrated that “Mycosphaerella” species with
Cladosporium anamorphs formed a sister clade to Mycosphaerella
(Crous etal. 2000, 2001). Braun et al. (2003) transferred five species
to Davidiella based on prior established anamorph-teleomorph
connections, though no details were provided pertaining to
morphological differences between Davidiella and Mycosphaerella.
Aptroot (2006) transferred several additional species to Davidiella,
and distinguished them from true Mycosphaerella species by the
presence of distinct, irregular cellular inclusions (lumina) in their
ascospores. Furthermore, Schoch et al. (2006, 2009a, b) placed
Davidiella in a separate family [Cladosporiaceae (Nannizi 1934),
which predates Davidiellaceae (2007)] in Capnodiales. During the
course of the studies within the Cladosporium herbarum species
complex (Schubert et al. 2007b), several fresh specimens of
Davidiella spp. were collected or induced in culture, making it
possible to give an emended circumscription of the genus with
additional features to distinguish it from Mycosphaerella. The
induced Davidiella states were all from homothallic species. The
genus presently contains 33 names (www.MycoBank.org), of which
only around five have acknowledged Cladosporium states.

MORPHOTAXONOMY OF CLADOSPORIUM S. STR.
Morphology in vivo and in vitro

Mycelium

The mycelium of foliicolous as well as saprobic Cladosporium
species in vivo is often internal, but can also be both internal
and external or exclusively external. The hyphae are consistently
septate, mostly branched, smooth, occasionally somewhat rough-
walled, and subhyaline, lightly pigmented to dark brown, thin-
walled, but sometimes becoming thick-walled with age. Some
species are characterised by having very wide hyphae, e.g., C.
gentianae, while others sometimes possess somewhat lobed
hyphae, e.g., C. grech-delicatae and C. foliorum, but these features
are of little value for the delimitation of species. Particular hyphal
cells are often somewhat swollen and form small to large, loose
aggregations or dense stromata. However, the ability to form
stromata is often variable and not diagnostic.

In vitro, stromata are usually lacking, and the mycelium is
often very variable, ranging from narrow, subhyaline to much
wider, distinctly pigmented hyphae, thin-walled, but sometimes
even with somewhat thickened walls with age. Some species are
able to form hyphal strands or expanded superficial hyphal ropes,
e.g., C. angustisporum, C. australiense, C. perangustum and C.
tenellum while others form dimorphic hyphae as C. antarcticum.
The mycelium in most of the Cladosporium species treated in the
C. cladosporioides complex is more or less Zasmidium (Stenella-)
-like in vitro, being verruculose or verrucose to irregularly rough-
walled, an observation not previously documented from the natural
hosts since the fungal hyphae are usually intercellular in host tissue
(Bensch et al. 2010). In general, the features of the hyphae are of
little diagnostic and taxonomic value.

Conidiophores

In vivo the conidiophores in species of the genus Cladosporium
usually arise from internal or external hyphae, from small to large
stromatic hyphal aggregation, but occasionally even from sterile
or immature pseudothecium-like bodies [see Webster & Weber
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(2007: 485, figs 17, 23), Dugan & Rector (2007: 10, figs 1-4)).
They are mostly cylindrical, subcylindrical or filiform, but further
differentiation is often due to sympodial proliferations causing
geniculations with conidiogenous loci often situated on small lateral
shoulders or terminal to intercalary swellings. Several species
are well-characterised by having mildly to distinctly geniculate-
sinuous conidiophores, e.g., C. hypophyllum, C. minusculum and
C. varians, but strongly geniculate-sinuous conidiogenous cells are
also known, e.g. in C. sinuosum. Different degrees of intercalary
and apical inflation of the conidiophores are possible, ranging from
subnodulose to nodose. The swellings may be circumferential or
unilateral. Small, unilateral swellings are known in C. tenuissimum.
The term subnodulose is used when lateral shoulders become
slightly increased. Nodulose conidiophores, as in C. allicinum, C.
herbarum, C. herbaroides, C. macrocarpum, C. subinflatum, C.
trilli and C. variabile, possess circumferential swellings around
the stalks, such swellings often being formed in quick succession,
giving conidiophores a somewhat gnarled or knotty appearance.
Nodose conidiophores with distinct, regular, more pronounced
swellings, clearly separated and distant from each other, are
formed in C. colocasiae and C. oxysporum. The process of
conidiogenesis within the latter two species has been described in
detail by McKemy & Morgan-Jones (1991b).

As conidiophores become temporarily determinate, linear apical
growth ceases. The conidiophores swell appreciably at the extreme
apex and a few conidia are formed in close proximity to one another
at the surface of the inflated portion. Following such conidiation,
apical meristematic terminal growth resumes giving rise initially
to a narrow, hypha-like extension above the fertile node. This
grows to varying lengths, depending upon growing conditions. The
extended distal portion usually becomes separated from the node
below by a transverse septum and then ceases growth. Terminal
swellings and conidiation then ensue at the higher level and the
sequence of events is repeated a number of times to give rise to
the characteristic nodose morphology. Whether the conidiogenous
loci are confined to swellings or not, is also an important feature
for the discrimination of species. Within a species the shape of
the conidiophores is usually uniform, but in a few cases, e.g., C.
fusicladiiformis and C. chrysophylli, they are dimorphic; two different
types of conidiophores are formed, which morphologically vary in
their length, width, septation, pigmentation and sometimes in the
thickness of the walls. Much smaller micronematous conidiophores
are often formed in culture beside the common macronematous
conidiophores (Schubert et al. 2007b, Bensch et al. 2010).

Peculiarities of the arrangement of conidiophores in vivo
are often diagnostic in combination with other characteristics.
The number of conidiophores per fascicle is mostly variable, but
general circumscriptions, e.g. “conidiophores solitary or in small
loose groups” or “conidiophores numerous, in dense fascicles”, are
workable and useful. A few species within the genus Cladosporium
form conspicuous fascicles of conidiophores, e.g., C. soldanellae
and C. oreodaphnes. In vitro the conidiophores are almost
consistently formed singly, arising from plagiotropous hyphae, i.e.,
aggregations of conidiophores in fascicles or sporodochia are rarely
formed in culture. Branched conidiophores occur in a number of
species such as C. diaphanum, C. rectangulare, C. sarmentorum,
C. smilacicola and C. sphaerospermum. The ramification of the
conidiophores (presence, degree, topology) is an additional useful
feature, but can be affected by age and environmental conditions.
Conidiophores branched in vivo are usually also branched in
culture. The length of the conidiophores is usually variable, often
strongly influenced by external conditions, and must be applied with
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caution. Some species are well-distinguished by having constantly
short, fasciculate conidiophores under natural conditions, usually
not longer than 60 um, as in C. lupiniphilum, C. praecox and C.
rutae. However, it has been reported by several authors (e.g., Ellis
1971, Morgan-Jones & McKemy 1990) that conidiophore length
can be extremely variable (sometimes twice as long as under field
conditions), when incubated in a damp chamber or when grown
in vitro. The width of conidiophores is usually less variable. The
occurrence and number of septa depend on conidiophore length.

Under light microscopy the walls of the conidiophores can either
be recognised as a single wall layer or when distinctly thickened,
two layers can be observed, e.g., in C. apicale and C. ushuwaiense.
The outer wall, which can be ornamented, is often somewhat wider
and paler than the inner wall layer. In combination with other
characteristics the width of the conidiophore walls can be used
as an additional feature to discriminate species. During periods
of unfavourable conditions, in some cases the conidiophores of
Cladosporium can stop growing and the walls become rigid. When
these conditions are over, the conidiophores may resume growth
to produce new conidiogenous cells. The apical conidiophore wall
ruptures through the enteroblastic proliferation of an internal layer
of the walll, visible as discontinuity in pigmentation and in thickness
of the wall. David (1997), who described this phenomenon in detail,
used the term enterogenous, but the term enteroblastic, expanded
and applied by Minter et al. (1982) to mechanisms of budding in
general, covering proliferations of conidiophores, conidiogenous
cells and conidia, should be preferred. Enteroblastic proliferations
are evidentin C. orchidiphilum and C. populicola. In several species,
the lumen of the conidiophore cells may be distinctly diminished or
the protoplasm of the conidiophore cells appears to be somewhat
aggregated at the septa (similar to distoseptation), giving septa
and above all walls a somewhat thickened appearance, e.g., in C.
fusicladiiformis. This phenomenon could also be observed in a few
species of the genera Fusicladium and Passalora, and reminds
one of the features of the ascospores in Davidiella which are often
also characterised by having distinct irregular luminar inclusions
(Aptroot 2006, Schubert et al. 2007b).

Conidiogenous cells

The conidiogenous cells are integrated, terminal or intercalary,
or sometimes conidiophores are reduced to conidiogenous cells.
De Vries (1952) recognised two types of conidial heads. The
sympodial growth with regular prolongations of the conidiophores
giving rise to new conidiogenous loci as in C. herbarum was
referred to as the “Cladosporium type” and is common within
the genus. In a few species, such as C. tenuissimum and C.
cladosporioides, there is comparatively little, if any, sympodial
conidiophore growth, no prolongations and thus a limited number
of conidiogenous loci occur. A large diversity of conidia is formed
as a result of the formation of primary, secondary and tertiary
conidia. This second type was called the “Hormodendrum type”.
Recognition of these types and variation among them can be useful
in better defining species concepts and in identification (McKemy
& Morgan-Jones 1991c). De Vries (1952) considered these
two types to occur commonly in any species of Cladosporium in
culture. However, in some species conidiophores do not proliferate
sympodially, so that the “Hormodendrum type” is a full expression
of the potential of the species concerned (David 1997). David
(1997) considered the distinction between proliferating and non-
proliferating conidiophores to be more important than recognised
by de Vries (1952) and introduced a sectional division of subgenus
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Cladosporium on the basis of types of conidiophore growth
patterns. Section Hormodendropsis comprises Cladosporium
species with determinate conidiophores and section Cladosporium
is characterised by having indeterminate, sympodially proliferating
conidiophores. Samson et al. (2000) mentioned that these two
types could not always be sharply defined. In culture, Hennebert
& Sutton (1994) recognised the phenomenon that some species
may initially produce “Hormodendrum type” conidial heads but
subsequently proliferate and thus become “Cladosporium type”.
The latter observations could be confirmed during the course of
present monographic studies (Schubert 2005b). Differences in the
proliferation of conidiogenous cells are, indeed, not clearly defined,
and intermediate types occur. Hence, these features should not be
used for the separation of Cladosporium into smaller units.

The structure of the conidiogenous loci and conidial hila is more
or less uniform within the genus Cladosporium; differences noted
between species are only minimal and gradual. This character is
above all significant at the generic level as stated above. Roquebert
(1981) carried out the first detailed SEM examinations of the scar
structure. David (1997) followed the terminology introduced in the
latter paper and published the first comprehensive circumscription
of the conidiogenous loci and hila. They are protuberant, thickened,
refractive to somewhat darkened and consist of a central convex
dome, which is the slightly bulging half of the original septum,
delimiting the conidium and the conidiogenous cell, after being
cleft, and a raised periclinal rim, where the walls were joined prior
to secession (coronate or “Cladosporium type” of scars according
to Braun et al. 2003). The main source of variation is in the degree
of thickening of the rim, size and protuberance can vary with age.
The size of these structures is often not very variable between
Cladosporium species (mostly 1-2 ym diam) and therefore of
limited value for the discrimination of species.

Conidial secession in Cladosporium is schizolytic (David 1997),
i.e., the basal separating septum splits at the middle layer by cleavage.
However, there are some peculiarities that distinguish this process
and the resulting scar structure from other hyphomycete genera. The
conidiogenous loci are distinctly protuberant and split in the middle,
leaving a conspicuous fringe (raised periclinal rim). Mature conidia
separate at the outer rim, but remain attached at the central dome,
which secedes later. This process results in a conspicuous central
papilla-like structure or dome (David 1997: 15, fig. 2A, Schubert et
al. 2007b: 119, fig. 10B, 123, fig. 15C-F, 131, fig. 24D). David (1997)
classified this unique scar type to be coronate, but since peculiar and
confined to Cladosporium s. str. it is also appropriate to simply call it
“Cladosporium type” (Braun et al. 2003).

Conidia

All Cladosporium species have the potential to produce conidia
in true acropetal chains. Species with solitary conidia on the host
usually have the capacity to produce conidia in chains in culture.
The formation of the conidia in chains or solitary is a useful
feature to differentiate particular species, but it is not tenable at
the generic level. Conidial chains within the genus Cladosporium
are acropetal, sympodial and often profusely branched. The term
ramoconidia has been used by several authors (e.g., Ellis 1971,
1976, McKemy & Morgan-Jones 1991c, David 1997) for those
conidia at the base of branches having more than one distal scar.
Kirk et al. (2001) provided a definition of the term ramoconidium,
describing it as a branch of a conidiophore, which secedes and
functions as a conidium, which means that it represents a detached
conidiogenous cell. In Cladosporium, they are characterised by
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having a truncate or slightly convex, unthickened base, without any
dome or raised rim, which could be confirmed by light and scanning
electron microscopy (see Schubert 2005b: pl. 24, fig. E). Schubert
(2005b) and Heuchert et al. (2005) used for these “true” ramoconidia
the term “ramoconidia s. str”, and classified branched “normal”
conidia occurring at the base or within the chains, characterised
by having a basal coronate hilum and more than one distal scar,
as ramoconidia s. fat. Due to the structure of the conidial base,
both types are easily separable. However, Schubert et al. (2007b)
redefined the different conidial types and followed Kirk et al. (2001)
in confining the term “ramoconidium” to detached conidiogenous
cells or short, fertile, terminal branches, and reclassified branched
conidia (ramoconidia s. /at., according to Heuchert et al. 2005 and
Schubert 2005b) as secondary ramoconidia. The presence of
ramoconidia is a feature of limited value for the characterisation
of Cladosporium species, since these structures are often rarely
formed or even lacking. If ramoconidia are present, a combination
of length, width and septation of these structures may be useful for
the discrimination of particular groups or distinct species.

The conidial shape is highly variable and only little differentiated
between the species examined, ranging from subglobose, ovoid,
ellipsoid, fusiform, limoniform to subcylindrical or cylindrical. The
conidial length and the degree of septation are also often variable
and depend on external conditions so that these characters can
only be used in combination with other taxonomic features. The
width of the conidia is, however, less variable and rather suitable
for the delimitation of allied taxa.

The shape and size of conidia within long acropetal conidial
chains of Cladosporium species is often strongly variable, differing
from base to apex. Ramoconidia, if present, are often followed by
septate secondary ramoconidia, smaller intercalary conidia and
very small, usually aseptate terminal conidia. In order to enable
more differentiated, precise descriptions of conidia in Cladosporium
species, Schubert et al. (2007b) proposed a redefined conidium
terminology (Fig. 3), applying the terms: ramoconidium, secondary
ramoconidium, intercalary conidium and small terminal conidium.

Peculiarities of conidial surface ornamentation provide useful
criteria for the separation of species, but must be judged with
caution. A general grouping, e.g., “conidia smooth or almost so”, or
“conidia verruculose or verrucose” is, however, workable. Species
with verruculose or conspicuously verrucose-echinulate conidia are
easily distinguishable from those with conidia that are smooth or
almost so. However, in several species some variation in surface
ornamentation can occur, e.g., in C. herbarum. Conidia of the latter
species are mainly verruculose, but sometimes a few smooth
conidia may be intermixed. Older conidia of species with usually
smooth conidia sometimes become somewhat rough-walled, e.g.,
in C. fusicladiiformis, C. lineolatum and in C. oncobae. Surface
ornamentation of conidia in the C. cladosporioides complex is
quite variable ranging from smooth or almost so to irregularly
verruculose-rugose, verrucose or rough-walled in some species.
This is comparable with the C. sphaerospermum complex in which
species with both smooth-walled as well as ornamented conidia are
included (Zalar et al. 2007), whereas all species in the C. herbarum
complex possess ornamented conidia with the ornamentation
ranging from minutely verruculose to verrucose, echinulate or spiny
(Fig. 4). The most prominent surfaces within the C. cladosporioides
complex are formed by C. acalyphae, C. exasperatum and C.
verrucocladosporioides. Under SEM the surface of their irregularly
verruculose-rugulose conidia show irregularly reticulate structures
or embossed stripes. This phenomenon was also described and
illustrated for powdery mildew anamorphs (Cook et al. 1997, Braun
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Fig. 3. Overview showing the different types of cladosporioid conidia. Cladosporium
conidiophore with ramoconidia, secondary ramoconidia, intercalary conidia, and
small, terminal conidia. Scale bar = 10 um. K. Bensch del.

et al. 2002). Cladosporium cladosporioides usually forms smooth
conidia (LM) but under SEM such wrinkled structures or embossed
stripes are also visible. They are not as prominent as in C. acalyphae
or C. exasperatum and therefore not to be seen when using light
microscopy and seem to occur more commonly in older conidia.
Several species are characterised by irregular ornamentation on
the small terminal and intercalary conidia, whereas secondary
ramoconidia are smooth or almost so, as in C. inversicolor, C.
acalyphae and C. rectoides. Combined with additional taxonomic
features, this characteristic can be used for species delimitation.
Since there are only few taxonomically relevant features
within the genus Cladosporium and in hyphomycetes in general,
attention has been paid to characteristic cell structures, hitherto
barely used for taxonomic purposes. In several species, as in
C. arthrinioides, C. heliotropii and in C. minusculum, the conidial
cells are characterised by having a reduced, conspicuous lumen
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Fig. 4. Terms used to describe conidium wall ornamentation under the cryo-electron
microscope. Adapted from David (1997).

(Schubert 2005b: figs 8, 33, 34, 45), reminiscent of the irregular
luminar inclusions in ascospores of Davidiella (Aptroot 2006). This
structure has been observed both in type material of C. heliotropii,
described from Sweden, and in additional collections of this species
collected in Alaska so that it may be used as distinctive feature. In
some cases, the lumen of the conidial and also conidiophore cells
often appears to be distinct, clearly separated from the inner wall
(e.g., in C. syringicola and C. populicola). Peculiarities of the cell
structure are, however, little examined and probably of limited value
at species level.

SPECIES CONCEPT

The circumscriptions and delimitations of the species concerned are
mainly based on quantitative as well as qualitative morphological
features in vivo and in vitro and on molecular data if cultures were
available. Host range and specialisation of biotrophic taxa as well
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as geographical distribution are also taken into consideration.
All species are comprehensively compared with morphologically
similar species as well as species which occur on host plants of the
same plant family or the same substrate.
The following features proved to be diagnostic for the differentiation
at species rank:
+ Shape of the conidiophores (geniculate-sinuous, nodulose,
location of the conidiogenous loci, dimorphism).
+ Ramification of the conidiophores (presence, topology,
degree).
+  Width of the conidiophores.
+ Formation of conidia (solitary or catenate, unbranched or
branched chains).
+ Conidial surface ornamentation.
+  Symptoms, lesions, host specifity in biotrophic species.

The following features are only diagnostic in combination with other
features:

+ Mycelium (internal, external, both internal and external in
biotrophic species).

+ Arrangement of the conidiophores in biotrophic species
(solitary, fasciculate).

+ Length, septation and thickness of the conidiophore wall.

+ Conidiogenous cells (terminal, intercalar, conidiophores
reduced to conidiogenous cells; proliferation sympodial,
enteroblastic; number and width of conidiogenous loci).

+ Ramoconidia (presence, length, width, septation).

+ Conidia (length, width, septation, shape, cell structure).

The following features are either more or less uniform or highly
variable and thus less appropriate for the discrimination of species:
+ Structure of the mycelium.
+ Formation of stromata in vivo.
+ Formation of conidiophores (arising from stromata or hyphae).
+ Structure of the conidiogenous loci and hila (generic feature).
+ Degree of pigmentation of conidiophores and conidia.

Phylogenetic features: Molecular sequence analysis is a helpful tool
to differentiate closely allied, morphologically similar species, above
all with regard to saprobic taxa. Less closely allied species with
obvious morphological differences, e.g. species with smooth versus
verruculose or echinulate conidia, are genetically usually clearly distinct
and usually form clearly separate clusters, even in phylograms based
on a single locus (e.g. DNS ITS) (Braun et al. 2003). However, within
complexes of morphologically similar, closely allied taxa, ITS data are
often not sufficient to discriminate species, i.e., the resolution is often
too poor, resulting in trees with polytomous structures. During the
course of detailed genetic as well as morphological examinations of
the Cladosporium herbarum complex, it could be demonstrated that a
multilocus DNA sequence approach, based on ITS, actin, calmodulin,
translation elongation factor 1-a, and histone H3, led to a much better
resolution and distinction of closely allied taxa (Schubert et al. 2007b).
In Bensch et al. (2010) a combination of three loci was used to define
species entities within the C. cladosporioides complex (Fig. 5).

BIOLOGY, ECOLOGY AND DISTRIBUTION

Cladosporium species have an extremely wide ecological range,
occurring on all kinds of substrates, and on a wide range of hosts,
either biotrophically or on dead or senescing tissue. In contrast
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Fig. 5. The first of 12 equally most parsimonious trees obtained from a heuristic search with 100 random taxon additions of the combined ITS, EF-1a and ACT sequence
alignment. The scale bar shows 20 changes, and bootstrap support values from 1 000 replicates are shown at the nodes. Thickened lines indicate branches present in the strict
consensus tree and the major species complexes are indicated in coloured blocks. The tree was rooted to sequences of Cercospora beticola strain CBS 116456 (GenBank
accession numbers AY840527, AY840494, AY840458, respectively).
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to previous assumptions, only a limited number of species are
plurivorous, widely distributed saprobic species, as e.g. C. herbarum,
C. cladosporioides and C. oxysporum, which do not appear to have
any strong environmental preferences. On the other hand, there
are some saprobic species inhabiting particular, limited ecological
niches. Schubert et al. (2007b) described, for instance, several new
species of the C. herbarum complex from hypersaline environments,
and Zalar et al. (2007) found various new halophilic and halotolerant
C. sphaerospermum-like species. Some Cladosporium species are
fungicolous using other fungi as substrate (Heuchert et al. 2005), but
numerous species are biotrophic, often host-specific, causing typical
leaf spots, discolorations, necrosis or shot hole symptoms on living
or senescing leaves. Some of them may develop almost without any
visible symptoms (e.g., C. obtectum) or attack stems (e.g., C. grech-
delicatae). For these biologically specialised taxa the host range is an
important feature. They usually follow the distribution of their hosts.
Cultivated hosts are usually colonised wherever grown. The host
ranges are usually more or less confined, not exceeding the limits
of a single host family, mostly even narrower, often only covering
few species of a single genus. However, there are some exceptions,
e.g., C. allii, C. alli-cepae and C. victorialis on various species of
Allium. While C. alli-cepae is known to be confined to Allium cepa
(Kirk & Crompton 1984), C. allii is reported to have a wider host
range. David (1997) concluded that this may indicate that C. alli-
cepae has evolved with its host to become distinct, whereas C. allii
is the original form, known to occur on non-cultivated members of
the genus Allium. Cladosporium victorialis, recorded from Korea and
Russia, is morphologically quite distinct from the latter two species,
so it could be assumed that Allium has been colonised twice.

A surprising finding from the molecular studies in the three
species complexes recently studied (Schubert et al. 2007b, Zalar
et al. 2007, Bensch et al. 2010) was the huge diversity in species
and genotypes that exist in nature, be it in indoor environments,
on fruit surfaces, or in extreme ecological niches such as salterns,
etc. Several isolates from a single substrate in a single location,
e.g., chasmothecia of Phyllactinia guttata on leaves of an individual
plant, Corylus avellana (Dugan & Glawe 2006; table 1, Bensch
et al. 2010) or grapes in the USA (Schubert et al. 2007b) can be
colonised by various genotypes representing several completely
different species. The phenomenon of co-occurrence of many
species on the same lesions on a single host in Mycosphaerella
and Teratosphaeria leaf disease complexes has been frequently
described and discussed (Crous 1998, Crous et al. 2004b, 2007a,
2008a, b, 2009¢, Crous & Groenewald 2005, Burgess et al. 2007,
Arzanlou et al. 2008, Cheewangkoon et al. 2008). Therefore, it is
not surprising that co-occurring genotypes or species also exist
in the related genus Cladosporium (also see Wirsel et al. 2002),
suggesting that special care needs to be taken during the isolation
and culturing of these taxa.

MATERIAL AND METHODS

Microscopic examinations were carried out based on collections
from numerous herbaria and fresh specimens. The collections
examined are deposited at numerous herbaria: B, BPI, BRIP,
CUP, DAOM, CBS, FH, HAL, HBG, IACM, ILL, IMI, INIFAT, K, KR,
LBLM, LE, LEP, LPS, M, MA, NY, NYS, PAD, PC, PDD, PH, PPMH,
PRM, S, SIENA, VPRI, W, WIS, etc. (abbreviations according to
Holmgren et al. 1990). Details on other methods, like scanning
electron microscopy and molecular sequence analyses are outlined
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in the papers concerned (see Braun et al. 2003, Heuchert et al.
2005, Schubert 2005b, Crous et al. 2007a, Schubert et al. 2007b,
Bensch et al. 2010).

Isolates and herbarium specimens

Microscopic examinations were carried out based on collections
from numerous herbaria, some fresh specimens and hundreds of
isolates. The collections examined are deposited at the following
herbaria: B, BPI, BRIP, C, CBS, CUP, DAOM, DAR, FH, HAL, HBG,
IACM, ILL, IMI, INIFAT, K, KR, LBLM, LE, LEP, LPS, M, MA, NY,
NYS, PAD, PC, PDD, PH, PPMH, PRM, S, SIENA, VPRI, W, WIS
(abbreviations according to Holmgren et al. 1990). Isolates included
in this or previous studies were obtained from the culture collection
of the Centraalbureau voor Schimmelcultures (CBS), Utrecht, the
Netherlands, or were freshly isolated from a range of different
substrates. Single-conidial and ascospore isolates were obtained
using the techniques as explained in Crous (1998) for species of
Mycosphaerella and its anamorphs. Isolates were inoculated onto
2 % potato-dextrose agar (PDA), synthetic nutrient-poor agar
(SNA), 2 % malt extract agar (MEA) and oatmeal agar (OA) (Crous
et al. 2009d), and incubated under continuous near-ultraviolet
light at 25 °C to promote sporulation. All cultures obtained in this
study are maintained in the culture collection of the CBS (Table
1). Nomenclatural novelties and descriptions were deposited in
MycoBank (www.MycoBank.org; Crous et al. 2004a).

DNA isolation, amplification and sequence analysis

Genomic DNA was extracted from mycelia of fungal colonies
cultivated on MEA using the UltraCleanTM Microbial DNA Isolation
Kit (Mo Bio Laboratories, Inc., Solana Beach, CA, USA) according
to the manufacturer’s instructions. The primers V9G (de Hoog &
Gerrits van den Ende 1998) and LR5 (Vilgalys & Hester 1990) were
used to amplify part of the nuclear rDNA operon (ITS) spanning
the 3’ end of the 18S nrRNA gene, the first internal transcribed
spacer, the 5.8S nrRNA gene, the second ITS region and the first
approximately 900 bp of the 5" end of the 28S nrRNA gene (LSU).
The primers ITS4 (White et al. 1990) and LROR (Rehner & Samuels
1994) or LSU1Fd (Crous et al. 2009b) were used as internal
sequence primers to ensure good quality sequences over the
entire length of the amplicon. To obtain resolution at species level
for Cladosporium, the ITS region was supplemented with partial
gene sequences of the translation elongation factor 1-a gene (EF-
1a) using the primers EF1-728F and EF1-986R (Carbone & Kohn
1999) or EF-2 (O'Donnell et al. 1998) and the actin gene (ACT)
using the primers ACT-512F and ACT-783R (Carbone & Kohn
1999). The PCR amplifications were performed on a GeneAmp PCR
System 9700 (Applied Biosystems, Foster City, CA, USA) in a total
volume of 12.5 L solution containing 10-20 ng of template DNA,
1 x PCR buffer, 2.0 mM MgCI2, 2.5 pmol of each primer, 20 yM
of each dNTP and 0.5 U BioTag DNA polymerase (Bioline GmbH,
Luckenwalde, Germany). For TEF, 0.7 L of water with a similar
volume of DMSO (Dimethyl sulfoxide) was found to increase the
quality of the amplification reaction. PCR amplification conditions
were set as follows: an initial denaturation temperature of 94 °C
for 5 min, followed by 40 cycles of denaturation temperature of
94 °C for 45 s, primer annealing at 48 °C (52 °C for TEF and ACT)
for 30 s, primer extension at 72 °C for 90 s and a final extension
step at 72 °C for 6 min. The resulting fragments were sequenced
using the PCR primers (and internal primers for the combined
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ITS + LSU fragment) together with a BigDye Terminator Cycle
Sequencing Kit v. 3.1 (Applied Biosystems, Foster City, CA) and
analysed on a 3730xI DNA Sequencer (Perkin-Elmer, Norwalk, CN,
USA). Consensus sequences were computed using SeqMan v. 9
from the Lasergene package (DNA-STAR, Madison, WI).

The generated sequences were compared with other fungal
DNA sequences from NCBI's GenBank sequence database using
a blast search; sequences with high similarity were added to the
alignments. The LSU alignment is primarily based on the alignment
of Crous et al. (2007¢) and the combined alignment for the species
tree was compiled using the published sequences linked to
earlier publications of the respective species (see Table 1). The
sequences were aligned using the online version of MAFFT (mafft.
cbrc.jp/alignment/server/index.html; Katoh et al. 2002), followed
by manual correction by eye using Sequence Alignment Editor v.
2.0a11 (Rambaut 2002). The phylogenetic analyses of the aligned
sequence data were performed using PAUP (Phylogenetic Analysis
Using Parsimony) v. 4.0b10 (Swofford 2003) and consisted of
neighbour-joining analyses with the uncorrected ('p’), the Kimura
2-parameter and the HKY85 substitution models. Alignment gaps
were treated as missing data and all characters were unordered and
of equal weight. Any ties were broken randomly when encountered.
For parsimony analyses, alignment gaps were treated as a fifth
character state and all characters were unordered and of equal
weight. Maximum parsimony analysis was performed using the
heuristic search option with 100 random simple taxa additions and
tree bisection and reconstruction (TBR) as the branch-swapping
algorithm. Branches of zero length were collapsed and all multiple,
equally parsimonious trees were saved. The robustness of the trees
obtained was evaluated by 1 000 bootstrap replications (Hillis &
Bull 1993). Tree length (TL), consistency index (Cl), retention index
(RI) and rescaled consistency index (RC) were calculated and the
resulting trees were printed with Geneious v. 5.5.4 (Drummond
et al. 2011) and layout was done in Adobe lllustrator CS v. 5.1.
New sequences were lodged in GenBank and the alignments and
phylogenetic trees in TreeBASE (www. treebase.org).

ICMP:

International Collection of Micro-organisms from Plants, Landcare Research, Private Bag 92170, Auckland, New Zealand; IFO: Institute for Fermentation, Osaka, Japan; JCM: Japan Collection of Microorganisms, RIKEN BioResource Center, Saitama,
Japan; MUCL: Mycotheque de 'Universite catholique de Louvain, Laboratoire de Mycologie Systematique et Appliquee, Universite catholique de Louvain, Louvain-la-Neuve, Belgium; NCTC: National Collection of Type Cultures, PHLS Central Public Health

Bensch et al. (2010)
Schubert et al. (2007b)
Bensch et al. (2010)
EF101456 DQ780937 Zalar et al. (2007)
Bensch et al. (2010)
Bensch et al. (2010)

Reference

TUB SSU

LSU

EF679632

CAL

HIS
EF679710

HM148687
EF679556
HM148715
EF101388
HM148717
HM148721

ACT

HM148442
EF679480
HM148470
JN906995
HM148472
HM148476

GenBank accession numbers?
TEF

ITS
HM148230

HM148197
EF679402
HM148224
DQ780361
HM148226
TATCC: American Type Culture Collection, Virginia, U.S.A.; CBS: CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands; CIEFAP: Centro de Investigacion y Extension Forestal Andino Patagonico, Argentina; CPC: Culture collection of Pedro

Morphology

Light microscopy (LM)

For herbarium specimens a stereomicroscope was used to select
colonised portions of samples, to excise colonies and mount
them in water on a slide. Staining was usually not necessary,
since Cladosporium species are pigmented. To avoid drying of
the preparations, permanent slides were prepared by sealing the
cover-glasses with Canada balm (SERVA, Heidelberg) and by
putting them into a desiccator for 24 h. Microscopic observations
were made with oil immersion (1000x). Where possible, 30
conidiophores, conidia and other structures were measured in
each collection, and a representative range was depicted. Some
collections were very poor, so that only a smaller number of these
structures could be measured. Drawings were done free hand.
Digital photographs were taken using a ZEISS AxioCam HR
attached to a ZEISS Axioskop 2 and occasionally optimised with
the software ZEISS AxioVision (Schubert 2005b, Heuchert et al.
2005).

Microscopic observations of isolates were made from colonies
cultivated for 7 d under continuous near-ultraviolet light at 25 °C
on SNA. Preparations were mounted in Shear’s solution (Crous et
al. 2009d). To study conidial development and branching patterns
of conidial chains, squares of transparent adhesive tape (Titan

Status of strain
Ex-type from epitype
Ex-epitype from epitype
Ex-type from holotype
Ex-type from holotype
Ex-type from holotype
Ex-type from holotype

Culture accession number(s)’
CBS 119417; CPC 11224; dH 16388

CBS 121635; CPC 12751
CBS 126362; CPC 13658
CBS 126363; CPC 12300
CBS 125997; CPC 12403

CBS 125995; CPC 14253
2TS: internal transcribed spacer regions with 5.8S nrRNA gene, TEF: partial translation elongation factor 1-alpha gene, ACT: partial actin gene, HIS: partial histone H3 gene, CAL: partial calmodulin gene, LSU: partial 28S nrRNA gene, TUB: partial beta-

Laboratory, London, U.K.; PD: Plant Protection Service, "VWA, Division Plant, Wageningen, The Netherlands; VKM: All-Russian Collection of Microorganisms, Institute of Biochemistry and Physiology of Microorganisms, Russian Academy of Sciences,
tubulin gene, SSU: partial 18S nrRNA gene.

Moscow region, Russian Federation.

Crous, housed at CBS; dH: Culture collection of Sybren de Hoog, housed at CBS; EXF: Culture Collection of Extremophilic Fungi, Biotechnical Faculty, Ljubljana, Slovenia; HJS: Personal culture collection of Hans-Josef Schroers, Slovenia;

Table 1. (Continued).
C. verrucocladosporioides

Species

C. tenuissimum
C. variabile

C. varians

C. velox

C. xylophilum

N
o
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Ultra Clear Tape, Conglom Inc., Toronto, Canada) were placed on
conidiophores growing in the zone between the colony margin and
2 cm inwards, and mounted between two drops of Shear’s solution
under a glass cover slip. Conidial terminology follows Schubert
et al. (2007b). Wherever possible, 50 measurements (x 1 000
magnification, differential interference contrast microscopy, Zeiss
Axioscope 2 PLUS) were made of conidia with outliers given in
parentheses. For culture characteristics colonies were cultivated
on PDA, SNA, OA and MEA for 14 d at 25 °C in the dark, after
which the surface and reverse colours were rated using the charts
of Rayner (1970).

Low-temperature scanning electron microscopy (SEM)

SEM examinations of herbarium specimens, conducted at the
Institute of Zoology of the Martin-Luther-University in Halle, were
carried out to determine details of scar morphology and conidial
surface ornamentation. Specimens were excised from the host,
attached to aluminium pin stubs and then coated with a thin layer of
gold using a sputter coater SCD 004 (200 s in an argon atmosphere
of 20 mA, 30 mm distant from the electrode). Observations and

3% www.studiesinmycology.org

micrographs were made with a HITACHI S-2400 scanning electron
microscope with integrated camera (film: ILFORD PLUS 125).

Isolates of Cladosporium spp. were grown on SNA with 30 g
agar/L for 3-4 d at room temperature under black light. Relevant
parts of the small colonies with conidiophores and conidia were
selected under a binocular (x 10-50 magnification, Nicon SMZ
1500), excised with a surgical blade as small agar blocks (3 x 3 mm),
and transferred to a copper cup for snap-freezing in nitrogen slush.
Agar blocks were glued to the copper surface with frozen tissue
medium (KP-Cryoblock, Klinipath, Duiven, Netherlands) mixed with
1 part colloidal graphite (Agar Scientific, Stansted, UK). Samples
were examined in a JEOL 5600LV scanning electron microscope
(JEOL, Tokyo, Japan) equipped with an Oxford CT1500 Cryostation
for cryo-electron microscopy (cryoSEM). Electron micrographs
were acquired from uncoated frozen samples, or after sputter-
coating by means of a gold/palladium target for 3 times during 30
s. Micrographs of uncoated samples were taken at an acceleration
voltage of 3 kV, and consisted of 30 averaged fast scans (SCAN
2 mode), at 5 kV in case of the coated samples (PHOTO mode).
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KEYS

Key to Cladosporium and morphologically SIMIIAr GENEIA ..o
Keys t0 SAProbiC CladOSPOMUM SPECIES ........v.iurveeurieririiiesiseissesissisesssesess et s sasssse s ss bbb s s s bbb bbb st bbb
Key to saprobic Cladosporium species in vivo and in vitro
Key to species in the C. cladosporioides complex (in vitro)

Key to biotrophic and common saprobic foliicolous Cladosporium species in vivo based on morphology and ecology ............ccccceevievnnen. 30
Tabular key to biotrophic Cladosporium species based on host families and genera

Key to fungicolous and lichenicolous Cladosporium species in vivo based on morphology and ecology ..........ccceeereerrineerieineereiseenrnens 42
Tabular key to fungicolous and lichenicolous Cladosporium species based 0N NOSES ..........cccvieviriieiicsiece s 43
L0020 [oRy oo 10 o I o 110 LT 44

Key to Cladosporium and morphologically similar genera

[Genera bearing simple or branched acropetal chains of amero- to phragmosporous blastoconidia; based on Crous et al. (2007¢), Braun &
Crous in Seifert et al. (2011)]

Notes: Genera that have to be considered segregations of Cladosporium s. lat. as previously comprehended and genera often confused
with the latter genus, i.e. to which species belong that have originally been assigned to Cladosporium s. lat., are marked by an asterisk (*).

1 Conidiophores and conidia hyaline

1*  Atleast conidiophores pigmented
CoNidia iN SIMPIE CRAINS ..o ettt es e ee et e et e ae e e e e e s s e s e e ee s e es e s et s et e s nnesennes

2*  Conidia in branched chains

3 Conidiogenous cells mostly sympodial, with distinct conidiogenous loci (scars), thickened and darkened; conidia amero- to
phragmosporous; plant pathogenic, leaf-spotting fungi (Mycosphaerella anamorphs; Mycosphaerellaceae, Capnodiales)
............................................................................................................................................................................................... Ramularia*
[forming synnematous conidiomata; saprobic, see Sphaeridium]

3*  Terminal conidiogenous cells with denticle-like loci, giving rise to ramoconidia which form simple or branched conidial chains; lignicolous

....................................................................................................................................................................................... Hyalodendron
[Conidiophores dimorphic; mycelium, conidiophores and conidia at first hyaline, later turning pale brown; conidia in short chains, see
Hyalodendriella]
4(1) Conidia distoseptate, IN SIMPIE CRAINS ........ciiiiiii bbb s bbb s bbb Lylea
4*  Conidia aSePtate OF BUSEPLAE ........ccccccuiiiiiieieicie ettt et bbb bbb b s bbbt bbb s bbb bbbt a b s e 5
5 Conidiophores little differentiated, micronematous to semi- macronematous; conidiogenous loci undifferentiated, truncate, neither

distinctly thickened nor darkened or only VEry SHGNHY SO .......coeiiriiine e 6
5*  Conidiophores well-differentiated, semimacronematous (but conidiogenous cells multilocal and/or conidiogenous loci well-differentiated)

LR L0210 0T = =0T 12
6 Conidiophores and conidia delicate, thin-walled, in long, easily disarticulating Chains ..o, 7
6*  Conidiophores and conidia robust, wall thickened, dark, conidial chains often seceding with difficulty ...........ccccoeevvveieiniiiieircernnene, 9
7 Conidiophores semimacronematous, simple to often irregularly branched; conidia delicate, narrow, 1-3 ym wide, hyaline to pale

OIVACEOUS ..ottt et s bR £ bbbkt b bbbt Polyscytalum

7 Conidiophores unbranched, micronematous, integrated in ordinary hyphae, forming minute, lateral, monoblastic, determinate, peg-like
protuberances to semimacronematous, forming short lateral branches (conidiophores) with several inconspicuous to denticle-like

JOCT ettt RS SE AR £ R R R £ LR b £ R A £ R R R bR bR R Rt E bbbttt 8
8 Phialidic synanamorphs often present, but sometimes also lacking; saprobic, rarely plant pathogenic, often human pathogenic

(Herpotrichiellaceae, ChABIOtRYIIAIES) ..........couiieiiuriiiiirictiie bbb Cladophialophora*
8*  Without phialidic synanamorphs; saprobic or plant pathogenic (Venturia, Venturiaceae)

.................................................................................................................................... Fusicladium s. lat. (incl. Pseudocladosporium)*

[similar, barely distinguishable taxa, also clustering in the Venturiaceae, but apart from the Venturia clade are tentatively referred to
as Anungitea until this genus will be resolved by sequencing of its type species]

9(6) Conidia aseptate, rarely 1-septate; lignicolous, 0N dead WOOM ...........cceierieriiiriiriiirr s

0% CONIAIA SEPLAIE ....vcviveeiieeiicie ittt bbbt bbb bbb b bbb b bR b bR b bbb s R s bbb b a et n et

10  Conidia 1-septate, with a dark brown to blackish band at the septum; on dead wood

10*  Conidia at least partly 2- to pluriseptate and/or without a dark brown to blackish band at the septum ... 1

11 CONdIa DIANCNEA ......voveiii bbb Taeniolina

I O 1o = T U o] =T 3T 2T PR RTTRR Taeniolella

12(5) Conidiogenous loci and conidial hila distinctly coronate, i.e.composed of a central convex dome surrounded by a periclinal raised
rim, mostly at least somewhat protuberant (Davidiella anamorphs, Davidiellaceae, Capnodiales) ..................... Cladosporium s. str.

12*  Conidiogenous loci non-coronate (either inconspicuous, thickened and darkened or denticle-like) ..o 13
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13 Mycelium, conidiophores and conidia at first hyaline or sub-hyaline, later turning pale brown; conidiophores dimorphic, either
conidiogenous cells with a single conidiogenous locus (A-anamorph), giving rise to an ellipsoid cell (conidium?) which mostly remains
attached, base truncate, apex subacutely rounded, at times forming chains of such cells; or conidiophores with numerous aggregated
loci, inconspicuous to subdenticulate (B-anamorph); conidia in short chains, of mostly 2--3; isolated from Alnus in Europe

.................................................................................................................................................................................... Hyalodendriella*
13*  Fruiting different; at least conidiophores consistently pigmented or conidiophores uniform or loci distinct; conidia mostly in long, often
DFANCNEA CRAINS .....ceiece bbbt 14
14 Conidiophores with verruculose conidiogenous apices, otherwise smooth; conidia distinctly verruculose-verrucose; conidiogenous loci
and conidial hila INCONSPICUBUS ........c.cucuiiiiiiiiceeictite ettt bbbttt bbb s e s bbbt bbb s e st et e b et e bt s s s e e s e aebebebabans 15
14*  Conidiophores either smooth throughout or verruculose below and smooth above or verruculose throughout; and/or conidiogenous loci
conspicuous, i.e., thickened and darkened or dentiCIE-lKE ..........ccceuciieiiicccee bbb e 16

15  Conidiophores macronematous, unbranched, base swollen, with percurrent regenerative proliferations unrelated to conidiation;
conidiogenous cells terminal, occasionally also subterminal; conidia terminally and laterally formed, aseptate; saprobic on leaves
......................................................................................................................................................................................... Castanedaea*

15*  Conidiophores little differentiated, semimacronematous, unbranched or only with short lateral branchlets, base undifferentiated, without
percurrent proliferations; conidiogenous cells terminal and occasionally intercalary-pleurogenous; conidia terminally and subterminally
formed, 0-2-septate; lignicolous, on decorticated WOOD ..........c.cociuriirurincereee e Websteromyces

16(14)Conidiophores unbranched, with a simple terminal conidio-genous cell, non-geniculate-sinuous, subcylindrical to somewhat inflated at
the tip; conidiogenous loci terminal and lateral, inconspicuous or subconspicuous, neither thickened nor darkened, non-protuberant;
conidia attached with a very narrow, POINTEA NIIUM ..ot 17

16* Conidiophores with a branched terminal conidiogenous apparatus, composed of conidiogenous cells and/or ramoconidia or
conidiophores unbranched, with a single terminal conidiogenous cell or additional intercalary ones, but conidiogenous loci different,

conspicuous, thickened and darkened or deNtiCIE-NKE ...t e 18
17 Conidiophores with a distinct rhizoid-digitate base; tips of the conidiogenous cells somewhat swollen, usually unilaterally swollen or
somewhat curved; conidia solitary or only in very short unbranched chains; hyperparasitic on rusts ..........c.ccccoveeenee. Digitopodium*
17*  Conidiophores without rhizoid-digitate base; tips of the conidiogenous cells subcylindrical to somewhat swollen, but swellings not
unilateral and not curved; conidia solitary and in simple or branched chains; associated with leaf spots ............ Rachicladosporium*
18(16)Conidiophores in Synnematous COMIAIOMETA ..ot 19
18%  SYNNEMALA TACKING ..vrevuveeerieetceie et b bbb 20
19  Conidiogenous cells with a single or several truncate to sub-denticulate, relatively broad conidiogenous loci; conidia with truncate, flat
LA, ON WOO, TESIN ...ttt sttt sttt sttt s et s et e st s e e se b ebsseeb et s be st seese st ebs st et et sbe st sbesesbebese et e s sbe st seesnsbebssestetsbasnas Sorocybe*
19*  Conidiogenous loci with few, mostly 1-2 conidiogenous loci formed as minute spicules; conidia with narrow hila (shallowly apiculate);
plant pathogenic, causing bud blast and twig BlIght ... Seifertia

20(18)Conidiophores unbranched or occasionally branched; conidio-genous cells distinctly inflated, ampulliform, doliiform or clavate, non-
denticulate; conidia at least partly globose, dark brown when mature; colonies effuse, dark; wood-inhabiting ...... Phaeoblastophora

20 Conidiogenous cells not inflated, if somewhat inflated, loci denticle-like or conidia NON-gIODOSE ........coeovereriiierirccrec s 21
21 Conidiophores penicillate, i.e., with an unbranched stipe and distinct terminal branched ‘head’ composed of branchlets, conidiogenous
(o1=Y |3 T To Lo g oo a1 o = T 22
21*  Conidiophores non-penicillate, i.e., irregularly and loosely branched, branchings not confined to the apical portion, sometimes only with
short lateral branchletS, OF UNDIANCNEA ...ttt sttt s bt e s st et st e bs s et e st b e e b e et essseabeseans 27
22  Penicillate apex simple, only composed of a single terminal conidiogenous cell giving rise to several ramoconidia which form secondary
ramoconidia and CONIIA ...........cccoeieiiiiieee ettt Penidiella p.p. [P. strumelloideal*
22*  Penicillate apex more complex, composed of true branchlets and/or conidiogenous cells and ramoconidia ..........cccooeeverenrecenenes 23

23 Conidiophores with a compact, dense, subglobose to broadly ovoid head; conidiogenous loci and conidial hila unthickened or almost
s0, but distinct by being darkened-refractive [fruiting dimorphic, periconioid branched conidiophores formed on overwintered stems of
Paeonia spp., unbranched cladosporioid conidiophores on leaf spots, biotrophic] (belonging to the Capnodiales) ........ Graphiopsis*

23*  Penicillate apex looser, neither compact NOr SUDGIODOSE .........iururiiieirieieir ettt 24

24 Branched head composed of short branchlets and conidiogenous cells; ramoconidia lacking; conidiogenous cells subcylindrical to
subclavate, non- or only slightly geniculate; conidiogenous loci usually numerous and aggregated, terminal and lateral, non-protuberant,
flat, conspicuous, thickened and darkened, at least around the rim; conidia solitary or in short chains .............cccceveeeeeee. Periconiella

24* Ramoconidia present; conidiogenous cells distinct, sympodial, somewhat geniculate or subdenticulate; conidiogenous loci
inconspicuous or somewhat protruding, denticle-like, unthickened or almost so, not or somewhat darkened-refractive; conidia in long,

(01T 0T o= 1ot Y=o 4 1 TP TP 25
25 Branched apex composed of short branchlets consisting of conidiogenous cells or ramoconidia, in pairs or whorls of 3—4, mostly
distinctly constricted at the base; hyperparasitic 0n ASIErING SPP. ...vecureeeeurinierrece et Parapericoniella*
25" Branched apex distinct, composed of branchlets, conidio-genous cells and/or ramoconidia; if true branchlets lacking, conidiogenous
cells and ramoconidia not in whorls and not distinctly constricted at the base; saprobic or biotrophic ...........cc.cooeenernrinniene 26
26  Penicillate apex of the conidiophores loosely to densely ranched, occasionally metula-like, base of the conidiophores simple,
undifferentiated; saprobic or biotrophic (Teratosphaeriaceae, Capnodiales) .............ccoornicrniernecrneesneeeeeeeesenns Penidiella*
26* Penicillate apex always dense, metula-like, base of the conidio-phores swollen or lobed, often with rhizoid hyphae; plant pathogenic
[on banana] (CRAGLOTNYIIAIES) .........c.curiiurereeieirieeeeire ettt Metulocladosporiella*

27(21)Conidiophores simple or branched; septa of the conidiophores and conidia becoming thick-walled and dark; conidiogenous loci

3% www.studiesinmycology.org 23



BENSCH ET AL.

subdenticulate, somewhat thickened and conspicuously darkened-refractive; cultures producing ample amounts of volatile metabolites

causing skin irritation after exposure to the fungus; saprobic (isolated from mouldy paint) ...........ccccooverenene. Toxicocladosporium*
27 Without conspicuously thickened-darkened septa; cultures without toxic, volatile metabolites ..., 28
28  Conidiogenous loci conspicuous, distinctly thickened and darkened (visible as small dark circles when viewed upon the scar),
sometimes on small shoulders formed by sympodial proliferation, but not distinctly denticulate (Capnodiales) ..............cvinierenne 29
28*  Conidiogenous loci inconspicuous or conspicuous by being denticle-like, not or barely thickened, not darkened or at most upper
truncate end very slightly thickened and somewhat darkened-refractive ...........cco e 32

29 Mycelium smooth; conidiophores and conidia smooth or almost so, at most faintly rough-walled; conidiophores solitary, fasciculate,
sporodochial to synnematous; biotrophic, usually leaf-spotting (Mycosphaerella anamorphs, Mycosphaerellaceae, Capnodiales)
............................................................................................................ Passalora emend. (incl. Mycovelosiella, Phaeoramularia, etc.)*

29%  Atleast mycelium diStiNCHY VEITUCUIOSE ........c.oviuiiriiieiricieirees ettt ses ettt 30
30  Mycelium, conidiophores and conidia coarsely verruculose-verrucose; conidial shape variable, often irregular; isolated from a lichen

[DIFINA] oottt b bbb h A A bbb bbb R bbb bR s st ettt bt aes Verrucocladosporium*
30*  Mycelium verruculose; conidiophores often smooth, sometimes somewhat rough-walled, but not coarsely verruculose-verrucose;

conidia smooth to distinctly verruculose; biotrophic, often 18af-SPOttiNg ..........ccererier s 3
31  Conidiogenous loci and conidia hila truncate, planate ..o Zasmidium*
31*  Conidiogenous loci and conidia hila PIlEAtE ...........corrir s Stenella s. str.*
32(28)Conidiophores with SWOllen, OfteN [0DEA DASE .........oviuririceeiree et 33
32" Base of the conidiophores not swollen, at most slightly swollen, but NOt I0DEA ..........ccuviiirriice e, 36
33 CONIdIA SEPLAE ...vcviiiiccect ettt b bbb e e AR bbb bR b e e e A e A e A et et bbbt s e Rt bt e bbb s e e rs 34
33% CONIAIA ASEPIALE ...cvviiicecectctcte et b bbb e AR A bbb bR s e e A e A e A et et bbb s e Rt ea et et et e s n s e rs 35
34  Conidiophores with a single, terminal, monoblastic, determinate conidiogenous cell giving rise to a single ramoconidium that forms

simple or branched chains of CONIIA ..........ccoviiiccee e Parapleurotheciopsis*
34*  Terminal conidiogenous cells polyblastic, with several denticle-like conidiogenous loci ........... Anungitea p.p. (e.g., A. longicatenata)
35(33)Conidiogenous cells terminal, monoblastic, with a single ramoconidium giving rise to conidial chains or occasionally with 2(-3) denticle-

like loci; base of the conidiophores often with rhizoid hyphae ............cooeiiiriec e Rhizocladosporium*
35* Conidiogenous cells polyblastic, with two or several denticle-like loci; base of the conidiophores without rhizoid hyphae

................................................................................................................................................................................. Subramaniomyces
36(32)Conidiophores unbranched, with a terminal monoblastic conidiogenous cell, determinate or percurrent ..........cccooeeoviecnccnenne. 37
36*  Conidiophores branched or unbranched, but conidiogenous cells at least partly polybIastic ..o, 39

37  Conidiogenous cell giving rise to a single ramoconidium which forms simple or branched chains of 0(-1)-septate secondary conidia
........................................................................................................................................... Parapleurotheciopsis p.p. (P. coccolobae)

37" Conidiogenous cells giving rise to simple conidial chains without ramoconidia; conidia septate ..........ccccoooeerrerncernecrcere, 38
38  Conidiophores sometimes with percurrent proliferations; conidiophores and conidia with somewhat thickened, dark walls; conidia
1-10-septate, width usually eXCEEAING 4 M ..ottt Heteroconium
38* Percurrent proliferations lacking; conidiophores and conidia delicate, thin-walled and paler; conidia usually 0-1(-3)-septate and
narrow, usually below 4 um wide (Chaetothyriales) ...........coereonnesnecnnces Cladophialophora p.p. (e.g., C. chaetospira)*

[similar anamorphs of the Venturiaceae, see Fusicladium (incl. Pseudocladosporium)]
39(36)Conidiophores often branched; conidiogenous loci distinctly denticle-like or subdenticulate; conidia aseptate; lignicolous, on dead

wood, resin or isolated from hydrocarbone-rich substrates (jet-fuel, COSMELCS, €1C.) ....ovvveeriiiiirc e, 40
39*  Either with unbranched conidiophores or conidiogenous loci not distinctly denticle-like, or conidia septate, or on other substrates
............................................................................................................................................................................................................. 43
40  Conidiogenous cells distinctly denticulate; conidia rather broad, about 7-13 PM ... Haplotrichum
40*  Conidiogenous cells non-denticulate or at most subdenticulate; conidia narrower, about 3—6 PM ........ccooerrirnnesnnceres e 41

41  Colonies effuse, dense, but felted, black, brittle and appearing carbonaceous when dry; conidiophores solitary, brown; conidiogenous
cells terminal and pleurogenous; conidia pale to dark brown, lateral walls conspicuously thicker than the hila; on conifer resin
................................................................................................................... Sorocybe (mononematous form, Hormodendrum resinae)*
41*  Colonies effuse, dense, resupinate, hypochnoid, powdery, chocolate-brown and/or conidiophores lightly pigmented; conidia subhyaline
to lightly pigmented and/or lateral walls not thickener than poles; on dead wood or isolated from hydrocarbone-rich substrates (jet-fuel,

(oTo LT 0 ([0SR (o OO T T ST T TRT 42
42  Colonies effuse, dense, resupinate, hypochnoid, powdery, chocolate-brown; conidiophores smooth; conidia subhyaline to very pale
yellowish, hila very thin; 0N dad WOOT ..ot Parahaplotrichum

42*  Colonies neither resupinate nor hypochnoid; conidiophores warty; lateral walls of the conidia not thicker than the hila; isolated from
hydrocarbone-rich substrates (jet-fuel, cosmetics, efc.), creosote fungus
................................................................................................. Amorphotheca anamorph (Cladosporium avellaneum, ‘Hormoconis')*

43(39)Conidiophores simple or branched; conidiogenous cells monoblastic or occasionally polyblastic; conidiogenous loci subdenticulate,
neither thickened nor darkened, forming simple or branched chains of regular conidia, uniform in shape, size and septation

............................................................................................................................................................................................ Septonema*
43*  Conidia not uniform in shape, size and septation; conidiogenous loci flat-tipped, subdenticulate, unthickened or slightly so, not to
SOMEWhat darkENEA-TEIFACHIVE ...ttt ettt e s et 44
44  Conidiophores simple or branched; in culture forming abundant chlamydospores; mostly soil-borne and heat-resistant
(TeratoSphaeriaCeae, CaPNOIAIES) ..........ccr it see et s st b e e ee bbb e e ens b es et Devriesia*
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44*
45

45*
46
46*
47
47

48
48*

Without chlamydospores in culture; phylogenetically diSHNCE ............corurriir e 45
Conidiophores dimorphic; conidia mostly aseptate, hila inconspicuous, neither thickened nor darkened (Pleosporales)

............................................................................................................................................................................. Ochrocladosporium*
Conidiophores either uniform or conidia at least partly septate or hila more conspicuous by being slightly thickened or at least somewhat
darkened-refractive; phylogenetiCally dStINCL ...........c.oeri et 46
Phialidic synanamorphs often present, but sometimes also lacking; saprobic, rarely plant pathogenic, often human pathogenic
(Herpotrichiellaceae, ChABIOINYIIAIES) ...........eiuiieuiuriiniictis ettt bbb Cladophialophora*
Without phialidic synanamorphs; saprobic or plant pathogenic; phylogenetically different ... 47
Conidiophores usually unbranched (Venturia, VENIUIACEEAE) ............c.ciieiiniriiiiieineiseeeseiseieee st enns 48
Conidiophores simple to often irregularly branched; conidia delicate, narrow, 1-3 pm wide, hyaline to pale olivaceous (not belonging
10 ThE VBNIUMACEAE)  .......eeeeeeeceei ettt e st Polyscytalum
Saprobic species forming long conidial ChaiNS ..o Pseudocladosporium
Biotrophic usually leaf spotting species, conidia formed singly or in rather short chains ... Fusicladium*

[similar, barely distinguishable taxa, also clustering in the Venturiaceae, but apart from the Venturia clade are tentatively referred to as
Anungitea until this genus will be resolved by sequences of its type species]

Keys to saprobic Cladosporium species

Key to saprobic Cladosporium species in vivo and in vitro

1

1*

9*

Forming large stromata in vivo, 20-100 pm diam, later expanding or confluent, up to 500 um diam; conidiophores very numerous, in
large, dense fascicles, 100-250 x 3-7 um, straight to geniculate-subnodulose; conidia solitary or in simple chains, 8-25 x 5-10 ym,

coarsely verrucose, verrucae distant, up to 2.5 ym, and up to 1 ym diam; on dead stems of Zinnia .............c.cococerurenene. C. oblongum
Stromata lacking or much smaller; conidiophores shorter or narrower, or conidia narrower, in branched chains, or smooth, or echinulate,
OF AENSEIY VEITUCUIOSE 0 VEITUCOSE .....eerieeeecieeiceireseeeesesets ettt ese st seae b eese e ee s s e ee s e ee b e bbbt s e e et bae s b snnen 2
Conidiophores distinctly torulose-nodulose with conidiogenous loci confined to swellings or conidiophores strongly geniculate-sinuous,
subnodulose due to unilateral swellings at lateral shoulders caused by sympodial proliferations (geniculations) .........c.cccoeovreeenenee 3
Conidiophores non-nodulose, sometimes geniculate, but geniculations not so strong, without distinct unilateral swellings .............. 10
Conidia smooth or almost so (light microscopy); conidiophores up to about 400 um long and 4-5 ym wide, swellings usually numerous,
regular and distant, ca. 6-8 um diam; conidia up t0 25 X 3=8 M ....eoiiiiriiire e C. oxysporum
Conidia distinctly verruculose to VEIrUCOSE OF SPINUIOSE ........c.cvrururiiururieieiri ettt s e nnes 4

Conidiophores strongly geniculate-sinuous, subnodulose due to unilateral swellings at lateral shoulders caused by sympodial
proliferations (geniculations); conidiophores in vitro uniformly macronematous; conidia solitary or only in short unbranched chains of

up to three conidia, 9-21 X (5=)8-8 M .....cuiiiiiei e C. sinuosum
Conidiophores in vitro both macronematous and micronematous, macronematous conidiophores distinctly torulose-nodulose; conidia
in long, often branched chains, if solitary conidia wider, Up t0 12(=15) M ...t 5

Macronematous conidiophores in vivo up to 8 pm wide, nodulose swellings 5-12 um diam; secondary ramoconidia in vitro (5-)6-9
(-10) ym wide, in vivo (6-)7-12(-15) um, in vivo at least with some very broad conidia formed singly or only in very short, unbranched
chains, UNCHANGEA WIth @QE ......v. ettt ettt et C. macrocarpum
Macronematous conidiophores somewhat narrower, in vitro (1.5-)2.5-5 ym, nodulose swellings also somewhat narrower, 3-8 ym
diam; conidia narrower, 2.5-8 ym wide, or conidia 3-6 um wide, but with age becoming wider, (3.5-)5-9(-11) pym, darker and more

BRECK-WAIIEA ...t bbb b b E bbb bbb bbbt 6
Swellings of the macronematous conidiophores 3-6.5 um diam; conidia 4-17(-22) ym long, ornamentation variable, but usually
densely echinulate, with spines up 10 0.8 UM IONG .......vururiirie e s C. subinflatum
Swellings of the macronematous conidiophores (4-)5-8(—9) um diam; conidia longer, up to 25(-35) pm, ornamentation verruculose
0 VErrucoSe, DUL NOt BCHINUIALE .........oceiecee ettt ettt e et et s b et st e b e s b et e se et et st e ss st ese st ebsseabeestasna 7
Conidia formed by macronematous conidiophores 3-33 x (2-)3-6(-7) um, with age becoming wider, (3.5-)5-9(-11) pm, darker and
MOTE TNICK-WAIIEA ... C. herbaroides
Conidia formed by macronematous conidiophores uniform, with age not becoming wider, darker and more thick-walled ................... 8

Conidiophores with a single or usually numerous nodulose swellings in short succession, giving the stalk a knotty/gnarled appearance;
small terminal conidia 4-10 x 3-5(-6) um; intercalary conidia 6-16 x 4-6 ym; secondary ramoconidia 12-25(-35) x (3-)5-7(-9) um,
DT (=3)-SEPEA ..ttt R AR R R RS A R RSt R ettt n e C. herbarum
Conidia narrower, secondary ramoconidia 10-25(-30) x 3-5(-7) or 4-27 x 3-6.5 ym, but then up to 6-septate .........cccococovvrrenenee. 9
Conidiophores in vivo uniform, not dimorphic, unbranched, usually with small, terminal, head-like swellings, sometimes also with
additional intercalary swellings; small terminal conidia 4-9 x 2.5-3.5 ym; secondary ramoconidia and occasionally formed ramoconidia

10-25(=30) X 3=5(=7) PM 1.eeeererereieerieete ettt e et sese e e et ee s bt sea et e e s b st C. allicinum (= C. bruhnei)
Conidiophores in vivo dimorphic, with very short as well as long conidiophores, unbranched or branched, with several swellings;
ramoconidia absent; secondary ramoconidia 4-27 x 3-6.5 um, 0—6-Septate ..........cccorrerrerrncenes e C. dieffenbachiae

10(2) Small terminal conidia globose to subglobose-ovoid, almost smooth to verruculose; conidiophores simple or frequently branched, or

conidia echinulate-digitate, spines up to 1.3 ym long, formed by unbranched conidiophores (mainly C. sphaerospermum complex)
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10*  Small terminal conidia non-globose, rather ellipsoid-ovoid, obovoid, fusiform, limoniform or short subcylindrical (if with some intermixed
subglobose conidia, conidiophores unbranched or even MICroNEMAtOUS) .........cvvreerrerrieirieerreerree e 17
11 Conidia echinulate-digitate, spines up to 1.3 pm long, formed by unbranched conidiophores .............cccoeverrerrnenenee C. spinulosum
11*  Conidia sSmooth or almost SO t0 VEITUCUIOSE OF VEITUCOSE .........cceuieiuririeiesieiseiseesiseeseises s eiss bbbt 12
12 Secondary ramoconidia 0-3(—4)-septate, septa thickened and darkened ............coeriiriini e 13
12*  Secondary ramoconidia 0-1(-2)-septate, septa neither thickened nor darkened ... 14
13 Conidiophores in vitro 2-3.5(-5.5) um wide, usually unbranched; small terminal conidia 2-5(-6) x 2-3(-5) um; secondary ramoconidia
7-25(-31) x 2-3.5(-=6.5) um; ramoconidia sporadically formed ... C. halotolerans
13*  Conidiophores mostly somewhat wider, 2.5-4.5(-6) um, in vitro and in vivo often branched; small terminal conidia mostly wider,
(2-)3-5(-7) x (2-)3-3.5(-4.5) ym; secondary ramoconidia (4—)8-22(-37.5) x (2-)3—4(-5) um; ramoconidia often formed, up to 40 ym
long, with up to five septa, commonly beaked (alternarioid) on MEA and PDA ... C. sphaerospermum
14(12)Conidia and secondary ramoconidia irregularly verruculose to sometimes loosely verrucose; radial growth on PDA at 25 °C after
14 d typiCally 18SS thaN 5 MM ......eiieieee ettt bbbttt nas C. langeronii
14*  Conidia and secondary ramoconidia smooth to minutely verruculose; radial growth on PDA at 25 °C after 14 d typically more than
TO MM bbb bbb 8188181 E bbb 15
15 Conidiophores (3-)3.5-4(-7.5) ym wide, thick-walled; conidiogenous loci and conidial hila 0.5-2 pm diam; ramoconidia sometimes
formed (with truncate base, up to 2 ym wide, i.e., base without coronate hilum); no growth observed after 14 d at 30 °C on MEA
................................................................................................................................................................................ C. psychrotolerans
15*  Conidiophores usually narrower, 2—-4 um wide, wall less thickened; conidiogenous loci and conidial hila 0.5-1.5 ym diam; ramoconidia
rarely formed; colonies showing at least weak growth after 14 d at 30 °C on MEA ... 16
16 Secondary ramoconidia (4-)6.5-13(-24.5) um long; no visible colony growth after 14 d at 10 °C on MEA ............... C. dominicanum
16*  Secondary ramoconidia (3.5-)5.5-19(-42) um long; radial growth of colonies after 14 d at 10 °C on MEA more than 5 mm
................................................................................................................................................................................................... C. velox
17(10)Conidiophores in vitro micronematous, little differentiated, short, (5—)10-50(—60) UM IONG ....cvevrirreririrrrrierreer e C. salinae
17*  Conidiophores in vitro micronematous as well as macronematous or only macronematous, in vivo usually only macronematous ... 18
18  Conidiophores very long, up to about 500 pm, unbranched, filiform-setiform, pluriseptate, wall somewhat thickened, not pale, at least
medium brown; conidiogenous cells terminal, mostly somewhat swollen, often unilaterally swollen; conidia smooth to minutely
VEITUCUIOSE ....eisees sttt bbb C. tenuissimum
18*  Conidiophores much shorter, not filiform-setiform, or conspicuously geniculate, or with terminal as well as intercalary conidiogenous
CEIIS NG TOCT ..vivvves et bbb b bbb £ bR bbb bbbt 19
19 Conidia smooth, rarely some conidia minutely roUgh-Walled .............coiriir s 20
19*  Conidia verruculose to VErruCoSE OF CRINUIALE ............civeeeriuiiiiiiiii bbb 27
20  Conidiophores 15-500 x 2.5-9(-11) um, arising from superficial hyphae, pluriseptate, frequently dichotomously or subdichotomously
branched; conidiogenous cells usually terminal and somewhat swollen; conidia 2-32 x 2—7 ym, 0-3(-4)-septate ............. C. varians
20*  Conidiophores shorter, not dichotomously branched or conidia smaller or with fewer Septa ..., 21
21 Conidiophores usually cylindrical-filiform, non-geniculate-sinuous, in vivo usually arising from immersed hyphae or swollen hyphal
cells, usually only with a single terminal conidiogenous cell, not or barely swollen, but occasionally subdenticulate, only with a single
or few conidiogenous loci; conidia usually 2-5 pm wide and 0-1-septate ..........c.cccceveneee. C. cladosporioides complex (see below)
21*  Conidiophores geniculate-sinuous or with intercalary conidiogenous cells and conidiogenous loci, or terminal conidiogenous cells
distinctly swollen, or conidia different, wider or With MOre SEPLA .........co e 22
22  Conidiophores fasciculate, usually strongly geniculate-sinuous, 50-300 x 3-8 um; ramoconidia present, 8-18 x 3-7 um, with truncate
base, 2-4 ym wide, 0-3-septate; conidia 3—15 x 2.5-5.5 ym, 0-1-septate; only known from dead leaves of Magnolia ... C. delectum
22*  Conidiophores straight, subcylindrical to slightly geniculateinuous; ramoconidia [acking ...........ocoeverrrrncrnnesneer e 23
23 Conidiophores 7-126 x 3-5(-6) um; conidia 2-6 um wide, 0-1-septate, thin-walled, smooth; cells without distinct lumens
.......................................................................................................................................................................................... C. pannosum
23*  Conidiophores up to 250(-300) x 3-9(-10) um; conidia (2-)3-10 um wide, 0-5-septate, wall thickened; cells of the hyphae,
conidiophores and conidia often with distinct, subglobose to irregular JUMENS ..o s 24
24 In vivo mycelium internal and external, superficial; conidiophores arising from immersed hyphae or swollen hyphal cells or solitary,
arising from superficial hyphae, 10-120 x 3-8 um; conidia 8-40 X 5=10 M ....coovrrncrriecricenes C. astroideum var. astroideum
24* In vivo mycelium mostly internal; conidiophores only arising from immersed hyphae, swollen hyphal cells or stromatic hyphal
aggregations, 20-250(~300) um long; conidia Narrower, (2=)3=7(=9) HM ..ot 25
25  Conidiophores often branched, especially in the upper portion frequently branched C. sarmentorum
25%  Conidiophores USUAIIY UNDFANCHEA ..ottt s et s e st eb bbbt enns 26
26 Conidia (2-)3-6(-7) pm; conidiogenous loci and hila 0.5—1.5(=2) UM diam .........ccccorrirrnrncr e C. delicatulum
26* Conidia 3-8(-10) um wide; conidiogenous loci and hila 1-2(=2.5) UM diam ... C. nigrellum
27(19)Conidia at first smooth, but later mixed with verruculose conidia; cells of the hyphae, conidiophores and conidia often with distinct,
subglobose to irregularly ShAPEA IUMENS ..ottt 28
27" All conidia verruculose t0 VEruCOSE OF ECHINUIALE ...........oueviieiiiiiieieieieee ettt 29
28  In vivo mycelium internal and external, superficial; conidiophores arising from immersed hyphae or swollen hyphal cells or solitary,
arising from superficial hyphae, 10-120 x 3-8 um; conidia 8-40 X 5=10 M .....coovrrrrrrriericenes C. astroideum var. astroideum
28*  In vivo mycelium internal; conidiophores only arising from immersed hyphae, swollen hyphal cells or stromatic hyphal aggregations,
20-250(-300) um long; conidia NArroWer, (2—=)3—7(=8) HM ......ccoieurireereeeeerereieereees et C. delicatulum
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29(27)Conidia with distinctly echinulate, spiny ornamentation, spines 0.5-1.3 ym long; hila usually situated on small peg-like prolongations

OF AENTCIES ..ueeiecectitctete ettt et s bbbt bbb e e s bbb et et e b b e e e e A et et et et bbb s s s bbb et et et an s s e s C. spinulosum
29*  CoNidia VEITUCUIOSE 10 VEITUCOSE .......ceeueeeeiiiietetctieeeeestetetetee st sestetetete s sssssbebebese s seseetetetesess s st s sebebesesssese st etebeseae et sabebebesesssesseseberennanans 30
30  Conidiophores in vivo fasciculate, 10-70 x 3-7 pm, arising from stromata, 10-60 um diam, later enlarged or confluent, up to 150 um
diam; conidia solitary or in unbranched chains, 5-26 x 3-5.5 pm, 0-3-septate; on dead legumes of Phaseolus ....... C. leguminicola
30*  Stromata lacking or much smaller; conidia in branched ChaINS ........ oo 3

31  Conidiophores cladosporioides-like, 100-400 x 3-8 pm, usually filiform, non-geniculate-sinuous, only with a single terminal unswollen
conidiogenous cell, with a single or few conidiogenous loci, occasionally subdenticulate; conidia (5-)8-15 x 3-6 um; secondary
ramOoCONIdia UP 10 25 X 8.5 M .. ettt st ettt C. auriculae

31*  Conidiophores much shorter, geniculate-sinuous, with terminal as well as intercalary or pleurogenous conidiogenous cells ............ 32

32 Conidiophores 10-120 x 3-6 um, frequently verruculose, at least towards the base; conidia (5-)8-35(-40) x 3-9 um, 1-4(-6)-septate,
thick-walled, often with constrictions at the septa, occasionally with oblique to longitudinal septa ..... C. astroideum var. catalinense

32" Conidia 2-6(-7) um wide, 0-3(—4)-septate, thin-walled, not or barely constricted at the septa, all septa vertical, not longitudinal .... 33

33 Mycelium in vitro dimorphic, narrow hyphae 1-3 um wide, hyaline or subhyaline, thin-walled, hyphae of the second type wider, 3.5-8
(-9) ym wide, pale to dark greyish olivaceous to olivaceous-brown, thick-walled, wall sometimes even two-layered, 1(-1.5) ym
wide, hyphae appearing consistently enveloped in polysaccharide-like material or covered by a slime coat; conidiophores usually
several times slightly to usually distinctly geniculate towards the apex, with up to 14 conidiogenous loci; secondary ramoconidia 13-20
x 4-5 um, 0-3-septate; isolated from a lichen, probably licheniColoUS ............ooverireiriirercr e C. antarcticum

33" Mycelium in vitro not dimorphic; neither enveloped in polysaccharide-like material nor covered by a slime coat [if hyphae with extracellar
polysaccharide-like material, secondary ramoconidia much smaller, (5-)6-11(-22) x 2.5-3 ym, 0(=1) pm]; or only known in vivo (on
dead leaves of Typha), secondary ramoconidia 15-30 x 4-6(-7) um, (0-)1-3(—4)-septate, conidiophores non or only slightly geniculate,

with few conidiogenous [0Ci; SAPTODIC SPECIES ......cueviururirieiriieeeireeieire ettt b e ee e st s bbbt b s sns e eens 34
34 Small terminal conidia ellipsoid-subcylindrical, narrowly obovoid, limoniform to fusiform, but not globose ...........ccccvveninicnenns 35
34*  Small terminal conidia globoSE t0 SUDGIODOSE .......c..cuiviiiiieiciice bbb 37
35  Terminal conidia ellipsoid-subcylindrical, septate conidia and secondary ramoconidia 15-30 x 4-6(-7) um, (0-)1-3(-4)-septate;
Saprobic 0N dead 18AVES OF TYPAA .......c.ouriereece ettt C. heleophilum
35*  Terminal conidia narrowly obovoid, limoniform to fusiform, secondary ramoconidia narrower, 2.5-5 pm, 0-1(-2)-septate ............... 36
36  Small terminal conidia variable, narrowly obovoid, limoniform to fusiform; secondary ramoconidia (13-)17-32(-37) x 3-5(-6) pm,
0-1(-2)-septate; in vitro mycelium without extracellar polysaccharide-like material ..o C. subtilissimum
36"  Small terminal conidia fusiform; secondary ramoconidia smaller, (5-)6-11(-22) x 2.5-3 um, 0(-1)-septate; in vitro mycelium with
extracellar polysaccharide-like MAtErial ..o e C. fusiforme

37(34)Conidiophores usually with numerous conidiogenous loci forming sympodial clusters of pronounced scars at the apex, sometimes
up to 10 or even more denticle-like loci; conidia 3-20(-28) x 2.5-5(-6) ym, 0-1(-2)-septate, often with several apically crowded hila,

UP B0 7(9) ettt bbb C. tenellum
37" Conidiophores usually only with few conidiogenous loci, mostly 1-3; conidia longer and narrower, 2.5-32 x 2—4(-5) um, 0-3-septate,
usually only With 1=3 diStal hila .........c.civeeiieier bbb C. ramotenellum

Key to species in the C. cladosporioides complex (in vitro)

Morphological features used in the key to distinguish the species treated in this study were determined by light microscopy after 7 to 9 d
growth at 25 °C on SNA, and culture characteristics after 14 d incubation on PDA. Cladosporium uredinicola and C. vignae are not included
in the key because of problems with type material, identity of putatively representative specimens, and since isolates of these species did
not sporulate during the course of the examinations (Bensch et al. 2010), and measurements given in literature were made only on PDA and
are therefore only partly comparable. Terminology used for conidial types, scars and surface ornamentation follow Schubert et al. (2007b). To
reflect the morphological variability of some of the species, especially with regard to surface ornamentation of conidia, these species are listed
twice or up to three times in the key, e.g. C. exile. The C. cladosporioides s. lat. complex (see couplet 35 in the key), includes species that are
morphologically close to C. cladosporioides but still distinguishable due to a combination of subtle features as well as C. cladosporioides s.
str. and morphologically indistinguishable but phylogenetically distinct lineages of the latter species. Lineages of C. cladosporioides s. lat. are
phylogenetically closer to some of the species covered below than they are to C. cladosporioides s. str., even though they are morphologically
not distinguished from C. cladosporioides s. str. (Bensch et al. 2010, fig. 1).

1 Conidia finely verruculose to coarsely verrucose or irregularly rough-Walled ..o s
1* Conidia SMOOth OF aIMOSE SMOOTN ...
Conidia distinctly ornamented, verruculose to coarsely verrucose or irregularly rough-walled

2*  Conidia less ornamented, almost smooth to asperulate or minutely verruculose, sometimes irregularly rough-walled ........................ 7
3 Conidia frequently septate, with 0-3 septa; surface with coarse verrucae up to 1 pm high .........ccc.......... C. verrucocladosporioides
3*  Conidia mainly 0-1-septate, occasionally with a second septum; verrucae lower, only up t0 0.5 pm high ..., 4

4 Conidiophores up to 430 pym long, smooth; small terminal conidia globose, subglobose or obovoid, broad, 4.5-6 ym wide
........................................................................................................................................................................................... C. acalyphae
4*  Conidiophores shorter, up to 200 um long, usually shorter, almost smooth to minutely verruculose or irregularly rough-walled; small
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8*

9*
10
10*
1(7)
11*
12
12*
13

13*
14

14*

15*

terminal conidia obovoid, ellipsoid, ovoid, rarely subglobose, 2.5-4.5 UM WIde ........ccociririncire s 5
Conidiophores macronematous, (2.5-)3.5-5.5 um wide, walls thickened, 0.5-1(-1.5) ym wide, sometimes even appearing to be two-
layered; small terminal conidia 5=6 PM IONG ......oviurirerrecercee et nae e C. pini-ponderosae
Conidiophores macro-, semimacro- and micronematous, narrower, (1.5-)2.5-4 ym wide, walls unthickened or only slightly thickened,
about 0.5 ym wide; small terminal conidia longer, 4=9 UM I0NG ......c.oviirriierce et 6
Ramoconidia 4-5 um wide, aseptate; conidia finely verruculose to usually verruculose, occasionally distinctly verrucose; conidiogenous
loci and hila (0.5-)0.8=2(=2.2) M QIBM ....c.cuiriiieeeree bbbttt C. chubutense
Ramoconidia narrower, 2.8-4 um, 0—-2-septate; conidia mostly distinctly verruculose-rugose or irregularly rough-walled; conidiogenous
loci and hila narrower, 0.5=1.5 PM QIBM .......coiiiii st C. exasperatum
Terminal unbranched part of the branched conidial chains usually very long with up to 8(-10), sometimes up to 17 conidia .............. 8
Conidia in densely branched chains, terminal unbranched part of the chains much shorter with 1-4 conidia ............ccocoeveveineene. 1
Conidia inversely coloured with small terminal and intercalary conidia being slightly darker than secondary ramoconidia, ramoconidia
and conidiophores; small terminal conidia (3-)5-8.5 ym long, intercalary conidia (5-)7-20 um long; small terminal and intercalary
conidia in delicate, loose chains, minutely verruculose or irregularly rough-walled, rugose, secondary ramoconidia and ramoconidia
] 110 {3 OO C. inversicolor
Conidia not inversely coloured, small terminal and intercalary conidia paler or concolorous with secondary ramoconidia, ramoconidia
and conidiophores; small terminal and intercalary conidia shorter, 4-7(-8) um and (5-)6.5-10(-12) um, respectively; no differences in
ornamentation between smaller conidia and secondary ramoCONIAIA ...........cccovviiieicereiisee s 9
Conidiophores 45-210(-360) pm long, pluriseptate, with up to 12 septa; secondary ramoconidia (7.5-)9-26(-37) x (2.5-)3-5 pm,
O(m1)-SEPLALE vttt C. asperulatum
Conidiophores shorter, up to 100(-115) ym long, 0-4(-5)-septate; secondary ramoconidia somewhat shorter and narrower, 8-20(-23)
X (2.57)374 M, 0= 1(=2)-SEPLAIE ©.vrvureerieiiiseiireieis ettt b 10
Conidiophores macronematous, (2.5-)3.5-4.5(-5) um wide, thick-walled, walls up to 1 um wide; conidiogenous cells geniculate,
subnodulose with unilateral swellings or occasionally nodulose, with up to six loci crowded at the apex; conidia smooth or almost so to
fiNely VEITUCUIOSE; ON MYITACEAE ........covevieiieeeiee ettt C. myrtacearum
Conidiophores macro- and micronematous, slightly narrower, 2-4(-4.5) um wide, walls slightly thickened, up to 0.5 ym; conidiogenous
cells non-nodulose, occasionally geniculate, usually with a single apical scar, sometimes with 2-3 conidiogenous loci at the apex;

conidia smooth to minutely verruculose or often irregularly rough-walled; on Cortaderia ............cccoevevveninineneninneneen, C. colombiae
Macronematous conidiophores 2.5-5(-6) ym wide; secondary ramoconidia 5-17 (-24) x (2-)3-4.5 ym .............. C. phyllactiniicola
Macronematous conidiophores narrower, (1.5-)2-4(-5) um; secondary ramoconidia longer and/or narrower, 10-30(-34) x 2-3.5(-4)
3PP 12
Conidiophores (1.5-)2-3.5(-4) ym wide, subhyaline, pale olivaceous to pale olivaceous-brown; conidiogenous loci and hila narrow,
(0.8=)1=1.5(=1.8) HM QIBM <..voviviitictetet et ettt ettt ettt bbbt bbb bbbt bbbt 13
Conidiophores somewhat wider, (2-)3-4(-5) ym, and darker, pale to medium olivaceous-brown; secondary ramoconidia somewhat
wider, 2.5-3.5(-4) pym; conidiogenous loci and hila, 0.5=2 M di@M ........ccoiiiiriiir e 14
Ramoconidia 25-45 x 2.5-3(-4.5) um; secondary ramoconidia 6-30(-34) x 2-3(-3.5) um, 0-1(-3)-septate, 4-16(-19) x 2-3(-3.5)
1TSS OO POTPPPTTOPTUROTPRPPOR C. perangustum

Ramoconidia 17-20(-28) x (2-)3(—4) um, secondary ramoconidia (5-)10-15(-20) x (3-)3.5(-4) um, aseptate ...... C. phaenocomae
Ramoconidia 17-41 pym long with a broadly truncate base, 2.5-3 um wide; small terminal conidia 3.5-5(-5.5) x 2-3 um, intercalary

conidia (4-)5-8(-9) um long; conidiogenous loci and hila 0.5-2 M diam ........cccoveriieiniicesce s C. exile
Ramoconidia up to 34 uym, base 2-2.5 um wide; small terminal conidia 3.5-4.5(-5) x 2-2.2(-2.5) ym, intercalary conidia longer, 5-13
um; conidiogenous loci and hila slightly narrower, 0.5=1.8 UM diam ... C. scabrellum
15(1) Macronematous conidiophores nodulose or nodose with swellings usually being quite apart from each other; conidiogenous loci
USUAILY reSErCEA 10 SWEIIINGS .....ceeeceeeree ettt bbbttt bbbt 16
Macronematous conidiophores non-nodulose or only occasionally subnodulose due to geniculate proliferation; conidiogenous loci not
CONFINEA 10 SWEIIINGS ..ottt ettt bbb bbb bbbttt s 18

16

16*

17

17

18*

19

Conidia solitary or in short unbranched or branched chains, 5-8(-9) um wide; phytopathogenic, causing leaf spots on Colocasia
.......................................................................................................................................................................................... C. colocasiae
Conidia always catenate, usually in densely branched chains, (1.5-)2-4(-5) um wide; saprobes occurring on numerous substrates

............................................................................................................................................................................................................. 17
Conidiophores up to 720 um or even longer, always nodulose to nodose with conidiogenous loci restricted to swellings (on SNA and
in vivo; on PDA and OA conidiophores WithOUt SWEIIINGS ........cueeiiiiiriiiie e C. oxysporum

Conidiophores up to 310(-460) um long, often subnodulose or nodulose with a head-like swollen apex and sometimes few additional
nodes on a lower level, but most conidiophores neither geniculate nor nodulose, loci often situated on swellings but not restricted to
them, in intercalary conidiogenous cells loci often sitting at about the same level round about the stalk, but not connected with swellings

as in C. oxysporum; on PDA and OA conidiophores darker, often with SWellings .........cccovenninnininneineeneen, C. tenuissimum
18(15)Conidiophores 4-7(-8) um wide at the base, attenuated towards the apex, 3-4 ym wide, medium to dark brown, often with a foot-like
SWONBN DASE .....eee ittt et bR R ARttt e C. basiinflatum
Conidiophores different, narrower or not distinctly attenuated towards the apex, paler, not dark brown, without a foot-like swollen
07 - TSP 19
Conidiophores up to 100 um long, rarely longer and secondary ramoconidia up to 20 ym long, occasionally longer ...........ccccevveeee. 20
Conidiophores up to 330 ym, and secondary ramoconidia up t0 30 HM IONG ...c.vcvriiriiriierce s 27

19*

28



THE GENUS CLADOSPORIUM

20  Conidia in long unbranched or loosely, mostly dichotomously branched Chains .............ccoorrrniercec e 21
20*  Conidia usually in densely branched chains both at the base of the chain and intercalary ... 24
21 Conidiophores (3-)3.5-4.5 pm wide; conidia 0-3-septate; forming subglobose or globose, dense pseudoparenchymatous
conglomerations of SWOllen hYPhal CEIIS ..o C. hillianum
21*  Conidiophores 2.5-3.5(-4) um; conidia 0-1(-2)-septate; without pseudoparenchymatous conglomerations ...........ccc.coereureeenennes 22
22  Conidial chains flabellate, characteristically spread in a fan-like manner, secondary ramoconidia 11-27 pym long, 0(-1)-septate
....................................................................................................................................................................................... C. flabelliforme
22*  Conidial chains not flabellate, secondary ramoconidia 7=19(=23) um, 0=1(=2)-SEPtate ........cccerirrrirrerririereree e 23
23 Conidial chains very long, with up to 18 conidia; small terminal conidia 5-9 x 2-2.5 um; cladosporioid scar structure with dome and
rim not clearly visible using light MICTOSCOPY ... v C. chalastosporoides
23" Conidial chains shorter, with up to 8(-14) conidia; small terminal conidia shorter and narrower, 2.5-5 x 1.5-2 ym; dome and rim clearly
L]0P C. funiculosum
24(20) Conidiophores with monopodial rejuvenations having a single terminal rather inconspicuous annellation; conidia 1-3(-3.5) um wide;
conidiogenous loci and hila 0.5=1.5(=1.8) UM di@M ........cccoveriiiiiriiccsce e C. gamsianum
24*  Conidiophores without monopodial rejuvenations; conidia 3-5(-6) um; conidiogenous loci and hila 0.5-2 ym diam ...........c..cccev..e. 25
25  Conidiophores mostly 1-3-septate; small terminal and intercalary conidia 2-3 pym wide, secondary ramoconidia 3-4 pm wide;
conidiogenous loci and hila 0.8-1.8(=2) um diam; 0N MYHaCEaE ............cccoeveveeveeerviereisieeises e C. myrtacearum
25*  Conidiophores pluriseptate; small terminal and intercalary conidia 2-4(-4.5) um, secondary ramoconidia (2.5-)3-5(-6) um;
conidiogenous loci and hila slightly wider; fungicolous or lIChENICOIOUS ..........ccvriuriirieinieiseeisee ettt 26
26 Mycelium minutely verruculose to irregularly rough-walled; conidiophores 2.5-5(-6) um wide; conidia smooth or almost so to finely
asperulate; fungicolous, occurring on chasmothecia of PAYIIACHNIA ............ccccovvevvviirserisseeis e C. phyllactiniicola
26*  Mycelium dimorphic, fertile hyphae irregularly rough-walled, sterile hyphae smooth; conidiophores narrower, 3-4 ym wide; conidia
SMOOTN; ON TICNBNS ...ttt ettt ettt st e b e st b et sb et st e st st e b e st ebe st st et st e st sbebese et et et e e st easstesssearis C. licheniphilum
27(19) Conidia 1.5=3(=3.5) HM WIE .....ceuieeereeeieieieie ettt ee s8££ bbbt
27*  Conidia up to 5(=7) UM, MOSHY 374 PM ...cerieiieee bbb bbb bbbt
28  Conidiophores (8-)12-130(-150) um long; conidia smooth or almost so to finely verruculose
28*  Conidiophores longer, up to 330 ym long; conidia SMOOth OF @IMOSE SO ........curureirerreirer et
29  Conidiophores subulate, formed like an awl with a swollen base and distinctly attenuated towards the apex, 2-3 um wide at the apex;
small terminal conidia 2.5-4.5(=5.5) X 2=2.5 M ..o C. subuliforme
29*  Conidiophores not subulate, somewhat wider and not distinctly attenuated towards the apex, (1.5-)2-4 ym wide; small terminal
CONIAIA 376.5 X 1.572 M .ot C. angustisporum
30(27) CONIMIA 0=3-SEPLAE ....vvvuceereeeeeeeireiee ettt bbbt E bbbt 31
30"  Conidia 0-1-septate, rarely with an additional SEPIUM ...........c.viiiiriic et 35
31  Conidiophores (2-)3-4(-5) um wide; conidia smooth to sometimes asperulate or minutely VErruCUIOSE ........cccovvvvveerinerenirinrnnnns 32
31*  Conidiophores (2.5-)3-6(~6.5) ym; conidia SMOOth O @IMOSE SO .........cuiiiririirieicirce et 33
32 Conidia 3-5 ym wide, 0-3-septate, septa often darkened; mycelium dimorphic ...........ccccocvennenenininnn. C. paracladosporioides
32*  Conidia 2-3.5(-4) um wide, 0-1(-3)-septate, septa not darkened; mycelium not dimorphic ..........ccccevervievircsrecnicscreennn,s C. exile

33(31) Ramoconidia 24-43 x 3-3.5 pm; conidia in long loosely branched chains, often dichotomously branched, up to 10(-14) conidia in
the terminal unbranched part of the chain, small terminal conidia 4-8(-10) um long; phytopathogenic on Cucurbitaceae

.................................................................................................................................................................................... C. cucumerinum
33*  Ramoconidia longer and wider; conidia in branched chains, branching in all directions, up to five conidia in the terminal unbranched
part of the chain, small terminal conidia (2-)3.5=5 HM IONG ....ocuiiiiiieiicece e bbb s 34

34 Intercalary conidia (2-)2.5-3(-4) um wide, secondary ramoconidia (2.5-)3-4(-5) ym wide; conidiogenous loci and hila 0.5-2(-2.5) um
diam; attaining 50-70 mm diam after 14 d on PDA, MEA and OA; occurring on ascomycetes and fruiting bodies of different

DASIAIOMYCELOUS FUNGI ....cvovveceiscici bbbt bbb s st C. lycoperdinum
34* Intercalary conidia (2.5-)3-4(-4.5) um, secondary ramoconidia (2.5-)3-6 pm; conidiogenous loci and hila 0.8-3 ym diam; slower
growing on all media, attaining 17-32 mm diam after 14 d; saprobic and possibly endophytic ........c.ccccoceeveninrieinenieinnen, C. varians
35(30) Small terminal conidia (2.5-)3-4 ym wide, usually globose or subglobose, secondary ramoconidia (3-)4-5(-6) ym wide
...................................................................................................................................................................................... C. globisporum
35"  Small terminal conidia narrower, up to 3 ym wide, subglobose, obovoid, ovoid or limoniform, but not globose, secondary ramoconidia
USUBIIY MBITOWET ......etretateesetseiee ettt bbbttt 36
36  Macronematous conidiophores 4-5(—6) um wide, erect or decumbent; fungicolous, occurring on species of Taphrina
...................................................................................................................................................................................... C. phyllophilum
36" Macronematous conidiophores narrower, usually 2.5-4 um wide, usually erect, not decumbent; on different substrates (cladosporioides
S AL COMPIEX) ettt bbb bR bbb bbbt 37
37  Conidia inversely coloured with small terminal and intercalary conidia being slightly darker than secondary ramoconidia, ramoconidia
and conidiophores; small terminal conidia (3=)5-8.5 HM IONG ....c..cviiiiiiiiirireeree s C. inversicolor
37 Conidia not inversely coloured, small terminal and intercalary conidia paler or concolorous with secondary ramoconidia, ramoconidia
and conidiophores; small terminal conidia (2=)3=5(=6) M .....ccvuiuririeireirerte ettt eb ettt 38

38  Conidiophores usually with a head-like swollen apex and sometimes a few additional swellings on a lower level and/or conidiophores
slightly to often distinctly sympodially proliferating, growth or branching proceeding in an angle of 45° to almost 90°; in intercalary
conidiogenous cells loci sitting at about the same level round about the stalk, garland-like (tenuissimum s. fat.) .......c.cc.ccccovvvernnee. 39
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38* Conidiophores different, without apical or intercalary swellings, at most subnodulose, growth not proceeding in an angle of 45° to

AIMOSTE 90 .ottt E RS E bR b s bbbt 40
39  Conidiophores usually with a head-like swollen apex, uni- or multilateral, and sometimes with few additional nodules on a lower level;
ramoconidia 22-41 um long; conidia smooth, occasionally irregularly rough-walled .............cccooovvvivnvniiricceenan C. tenuissimum
39*  Conidiophores without head-like swollen apex; ramoconidia 16-56 um; the outer walls of small terminal conidia and intercalary conidia
often seem to detach, irregular, SOMEWNaL FEffACHIVE ........cccccvevriiiecriice e s C. rectoides
40(38) Ramoconidia 3-5 um wide; secondary ramoconidia 10-30(-38) um long (av. approx. 19-21), small terminal conidia in long unbranched
chains, up to 10 conidia in the terminal part of the ChaIN ...........c.coiiiec bbb 4
40* Ramoconidia up to 4 ym wide; secondary ramoconidia shorter, 7-25 ym long (av. approx. 15-16), occasionally few conidia longer,
terminal conidial chains shorter, up to six, mainly up to four conidia in the terminal unbranched part of the chain ..........cccccovvivninen 42
41 Secondary ramoconidia 0-1(-2)-septate, intercalary conidia subrostrate or rostrate ............cccoeovvveerreininiecs s, C. iranicum
41*  Secondary ramoconidia usually aseptate, occasionally 1-septate, intercalary conidia not rostrate ...........c.......... C. cladosporioides
[including morphologically indistinguishable but phylogenetically distinct lineages]
42(40) Conidiogenous loci and hila 0.5-1.5(=1.8) M ....eviiiiiriicrie e C. pseudocladosporioides
42*  Conidiogenous loci and hila somewhat Wider, 0.5=2 M ........cccoviueiiiiiiissece et 43
43  Conidia almost smooth to often asperulate, loosely verruculose or irregularly rough-walled, especially in small terminal and intercalary
[010] 3 o - OO OSSOSO 44
S 7 4110 = ] o0 T 0 o ST 45

44 Intercalary conidia and secondary ramoconidia with numerous distal hila crowded at the apex, in intercalary conidia with 2-4(-6) hila,
in secondary ramoconidia with up to 6(-9) hila at the apex, small terminal conidia 2-4 um long (av. 3.5), intercalary conidia 5-12 ym
[ONG (V. 7.9), @SEPLAE ..v.vvveieireiiieieieie ettt R R bRttt C. xylophilum

44* Intercalary conidia and secondary ramoconidia with only few distal hila, in intercalary conidia with 1-2(-3) hila, in secondary conidia
with up to three hila, small terminal conidia 3.5-5(-5.5) um (av. 4.4), intercalary conidia (4-)5-8(-9) um long (av. 6.3), 0-1-septate

.................................................................................................................................................................................................... C. exile
45(43) Mycelium often forming dense ropes, hyphae 1-5 ym wide; conidiophores macronematous, often very long, up to 285 um; due to the
special cell structure conidiophores and conidia often with diSto-septa ..........ccccovvvevicinriicescee e C. australiense
45*  Mycelium not forming ropes, hyphae (0.5-)1-3(-4) um; conidiophores macronematous 50-165 pm long, micronematous
19-75(-100) um long; conidiophores and conidia without disto-SEpPta ...........cccvveeeviiees e C. delicatulum

Key to biotrophic and common saprobic foliicolous Cladosporium species in vivo based on morphology
and ecology

Beside the foliicolous Cladosporium species, this key contains some common, widespread saprobic species often occurring as secondary
invaders on living or fading leaves, i.e., on lesions caused by other fungi. Descriptions of surface ornamentations, e.g., smooth, verruculose,

efc., refer to light microscopy if not otherwise stated.

1 Conidia solitary, occasionally few conidia in very short un..branched chains, 20-75 x 5-10 pym, 1-6-septate, smooth or almost so; on

RANUNCUIUS ...ttt bttt bbbttt s bbb bbb sa ettt s s s st et e s e s s s s s C. ferox
1*  Conidia solitary or in short unbranched chains, but distinctly verruculose to verrucose or echinulate, or conidia in long, often branched

chains, if conidia smooth, much shorter, With FEW SEPLA ..o bbb 2
2 Conidia 13-30(-45) x 7-12 um, very thick-walled, distinctly 2-3-layered; conidiophores 120-300(—400) um long; on Corypha

............................................................................................................................................................................................ C. coryphae
2*  Conidial wall one-layered or conidiophores much shorter or conidia NAMOWET ...........cccocuivieiniieiice e, 3

3 Stromata well-developed, 20-100 um diam, later expanded, up to 500 um diam, pustulate; conidiophores 100-250 um long, straight
to geniculate-subnodulose; conidia 8-25 x 5-10 um, 0-3-septate, coarsely and distantly verrucose, verrucae up to 1 pym diam,
distance up t0 2.5 um; on dead SteMS O ZiNNIA ...........ocviuriiiriir e C. oblongum

3*  Stromata lacking or much smaller, or conidiophores shorter, and/or conidia smooth or with distinct ornamentation of the surface ..... 4

4 Conidia solitary or only some conidia in short, mostly unbranched chains, very broad, 6-25 ym, average = 8 um (conidia sometimes
dimorphic, broad conidia mixed With SOME NAITOWET ONES) ........cuvvueiieuriirieireieieiseiee ettt 5

4*  Conidia solitary, but narrower, less than 8 ym wide, or conidia in long, often branched chains ...........cccovevviiinnesnecinceseenn,s 24

5 Conidiophores strongly geniculate-sinuous, terminally often coralloid, with distinct protuberances or denticulate, 20-145 x 4.5-8 um;
conidia solitary or in short unbranched, rarely branched chains, 9-35 x (8.5-)10-15 um, 0-1(-2)-septate; on Melosperma
..................................................................................................................................................................................... C. melospermae

5% Conidiophores distinctly torulose-nodulose to geniculate-nodulose or non- to only slightly geniculate, but not coralloid ..................... 6

6 Conidiophores distinctly torulose-nodulose or geniculate-nodulose, often with constrictions at the septa .........ccocovveevriiecniccveenne

6*  Conidiophores straight to somewhat geniculate-sinuous, but neither torulose-nodulose nor geniculate-nodulose

7 Conidia 40-65 x (15-)18-25 um, strongly constricted at the septa; on Polygonatum ..............ccoeevvevervnerneressinnenns

7*  Conidia narrower, on the average less than 20 um and/or not constricted at the SEpta ..........cccevevirneirinncinie e,

8 Conidia dimorphic, large conidia formed singly or only in very short, unbranched chains, 8-18 um wide, mixed with narrower catenate
CONIAIA, 58 HM WIAE ...vvevtiiii ettt ettt s bbbt a s e e s R bbb bbb e s st b b b e s s s s e e e s e s e b et bbb b b nen s st et ee 9

8*  Conidia uniformly 1arge, @DOVE @ll WIE ..........ccuiiieiiiririeirerere et s 10
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9 Large conidia 22-45 x 8.5-18 pm; biotrophiC 0N RODINIA ..........cervreeieririeereiee ettt C. robiniae
9*  Large conidia in vivo up to 30 x 8—12(=15) UM Wide; SAPrODIC ......cevrrereeererecirereeeee e seseees C. macrocarpum
10(8) Conidia (10-)15-30 x 10-14 ym, (0-)1-septate; on Brassica C. brassicae
10*  Conidia larger, above all I0nger, OF PIUFSEPLAIE .......c.oviireeririeeirieierreee ettt 11
11 Invitro with twisted aerial hyphae; conidia in vivo 8-11(=12) um wide; on Spinacia ...........c.cccovverrornisnenesnssissenenns C. variabile
11*  Without twisted aerial hyphae in Vitro; CONIAIA WIBET .........c.vueuririereeerece ettt 12
12 Conidia ellipsoid-cylindrical, usually somewhat attenuated towards the base, short obconically truncate ...........cccoovievrerrrcnninee 13
12*  Atleast some conidia laterally gradually narrowed, solei-form (sole-shaped), sometimes distinctly bulbose at the base which is broadly
LoV a0 LYo AT 1o A= LT[V 1o TR 14
13 Conidia (15-)20-55(-60) x 9-15(-17) um, (0-)1-3(-4)-septate, often constricted at the primary septum, wall coarsely verrucose-
OIS0 I oL AV T = o T C. lacroixii
13*  Conidia up to 70 x 15 ym, with up to six septa, without any constrictions, wall verrucose-digitate; on Gagea and Ornithogalum
......................................................................................................................................................................................... C. ornithogali
14(12) Conidia about 25-55 x 12-15 um, (1-)2—4(-6)-septate; conidiophores often with small side branches; on Dianthus and possibly other
MEMDETS Of the CaryOPAYIACEAE ...........ccvveeeeieseieesies ettt et C. echinulatum
14*  Conidia only 0-3-septate or larger, up to 75 x 20 ym; conidiophores without any side branches; on Ifis ...........cccccovvveerveverierennen, 15
15  Conidia 30-75 x 10-20(-25) um, (0-)2-6(-7)-septate, wall Up 10 1 UM WIde .....c.coiveiiieiciceccs s C. iridis
15*  Conidia 15-55 x (9-)11-19(-21) um, 0-3-septate, wall thicker, up to 2 um, usually somewhat zonate ............c...ccc...... C. pseudiridis
16(6) Conidiophores uniformly short, 8—40 x 4-10 um; conidia 15-30 x 8-13 pym, 0-2-septate; on Haplophyllum ................ C. haplophylli
16*  Conidiophores much longer, 0N the aVETAGE > 40 M .......cviiiiririiireieseises ettt ss bbbt 17
17 Conidia (11-)20-60 x (5-)7-12 pm; conidiophores fasciculate, arising from substomatal stromata, 20-50 pym diam; on Arthropodium
......................................................................................................................................................................................... C. arthropodii
17*  Conidia shorter or wider, or substomatal Stromata [aCKING ..........c.cceririeiririeirinen e 18
18 At least some conidia gradually narrowed in the middle, solei-form, at the base often somewhat swollen, broadly rounded; on Allium
............................................................................................................................................................................................................. 19
18* Conidia subglobose, subclavate, ellipsoid-ovoid to short cylindrical, base not swollen, but somewhat attenuated .............ccocceveenee. 20
19  Conidia (20-)30-60(-80) um long; conidiogenous loci protuberant, ‘peg-like’; on various Allium Spp. ......cccocerverrneennenenen. C. allii
19*  Conidia longer, (40-)60-90(—120) um; conidiogenous loci non-protuberant, < 1 um high, not ‘peg-like’; on Allium cepa and A. fistulosa
........................................................................................................................................................................................... C. allii-cepae
20(18) Conidia in vivo (10-)15-30(-35) x (6-)7-9(-11) ym, width on the average < 9 ym, in vitro even narrower; on Narthecium
............................................................................................................................................................................................. C. ossifragi
20*  Conidia in vivo wider, 6=14 um, 0N the QVErage > 9 M ..ottt 21
21 Conidia in short, unbranched, rarely branched ChaINS ..........ccvieiriercsree s 22
21*  All or almost all conidia FOrMEA SINGIY ......ccueviuiiriire bbbt bbbttt 23
22 Conidia (0=)1-5-SEPtate; ON THIIUM .......ooeeieerires sttt C. trillii
22" Conidia 0—1(=2)-Septate; ON AGOSENIS .......cvverereereirereiriieireiseieiie sttt sssans C. agoseridis
23(21) Conidia 0-1-septate, base somewhat attenuated; on Alopecurus C. alopecuri
23*  Conidia 0-3-septate, base broadly rounded; ON PRIBUM ...........cccovvverieeeirieeeessisie et sanas C. phlei
24(4) Conidiophores dimorphic, forming two types different in shape, size, septation, pigmentation and sometimes thickness of the wall
............................................................................................................................................................................................................. 25
24*  Conidiophores uniform, not distinctly diMOIPRIC ..........ccucuiiiiiiccce e s 28
25  Conidiophores up to 300 um long, protoplasm of the conidiophore cells often conspicuously aggregated at the septa forming a paler
cavity (lumen) in the centre of the cells; conidia usually 0—1-septate; on EfiobOIrYa ........ccccovereeieneereineenrieinnen, C. fusicladiiformis
25*  Conidiophores usually shorter, protoplasm of the cells not aggregated at the septa; conidia 0-2(—6)-septate ..........ccccoeovrierreriernn. 26
26  Conidiophores 3-6 uym wide, often distinctly nodulose; conidia 3-27 x 3-6.5 ym, 0-6-septate; on Dieffenbachia, probably saprobic
................................................................................................................................................................................... C. dieffenbachiae
26*  Conidiophores 3-8 um wide, subnodulose or slightly geniculate-sinuous, but not distinctly nodulose; conidia shorter and somewhat
narrower, 2.5-19(=28) x 2-5(—6.5) M, 0—2(=5)-SEPLAE .......ovrruriiereireier et 27

27  Conidiophores with numerous crowded conidiogenous loci, apex of conidiogenous cells appearing somewhat rugose, periconiella-
like, walls of the conidiophores thickened, up to 1(-1.25) um wide, smooth, cells often with distinct clearly delineated lumen; ramoconidia

0ccasionally OCCUITING; ON SYANGA ......c.vuvuiuieiriirieieinie e C. syringicola
27" Apex of conidiogenous cells not periconiella-like, walls of conidiophores up to 2 um wide, with age outer wall seemingly detaching
irregularly, cells without distinct lumen; no ramoconidia; on CArySOPAYIUM ..........cccveuiiiinieriineierereneee e C. chrysophylli
28(24) Conidiophores distinctly nodulose or nodose, conidiogenous loci usually confined to SWellings ..........ccceveveniniiennensienees 29
28*  Conidiophores non-nodulose or occasionally only subnodulose due to geniculate proliferations, but conidiogenous loci not confined to
swellings, or only tips of the conidiophores SOMEWhat SWOIIEN ............coiiriiere bbb 35
29  Conidia usually SMOOt OF @IMOSE SO ........ccueuiuireiiirireireereie ettt bbb bbb bbbttt es 30
29*  Conidia with different surface ornamentation, minutely to distinctly verruculose or verrucose, asperulate or irregularly rough-walled
............................................................................................................................................................................................................. 32
30  Conidiophores 40-105 pm long, nodulose, swellings not regular, neither clearly separated nor distant from each other, in quick
SUCCESSION; ON BOTASSUS .....uvvairtetietieisis ettt bbbt bbbt C. borassi

30  Conidiophores longer, up to 250 um long or even longer, occasionally up to 500 um long, straight, nodose with distinct, regular
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swellings, clearly separated and distant from €aCh OthEr ... 31
31  Conidia 0-1(-2)-septate, subglobose, ovoid, limoniform or ellipsoid, 3-6 um wide; saprobic, on numerous substrates, also as a
secondary invader on leaf spots caused by Other fUNGi .........c.coiriinie s C. oxysporum
31*  Conidia 0-3(-5)-septate, broadly ellipsoid-subcylindrical to cylindrical, wider, (5-)6-9(-10) um; on Colocasia .............. C. colocasiae

32(29) Conidiophores unbranched to often branched; conidia almost smooth to minutely asperulate or irregularly rough-walled, walls
sometimes even two-layered, with unusual cell structure (cells with a paler cavity in the centre of the cells); on Ocotea

..................................................................................................................................................................................... C. oreodaphnes
32*  Conidiophores mostly unbranched, rarely branched; conidia usually minutely to distinctly verruculose or verrucose, walls usually not

two-layered, Without UNUSUAI CEII SETUCTUIE .........viceeecee ettt 33
33  Conidiophores often with a single head-like, terminal swelling; conidia (2.5-)3-6.5 um wide, 0-2(-3)-septate, usually minutely

verruculose, 0ccasionally SMOOth; ON GAIUM .........c.coiruiiirriee ettt ettt C. galii
33* Conidiophores with several or numerous intercalar and terminal swellings; conidia usually wider, up to 12(-15) pm, with up to five

septa, usually diStinCtly VEITUCUIOSE 0 VEITUCOSE ........oocururiureeirieeeirtieieirciet sttt ee sttt 34
34  Conidia (5-)11-36(—41) um long, (0-)1-4(=5)-septate; On THllIUM ..........cccormiiireeer et C. trillii
34*  Conidia much shorter, mostly up to 25 ym long and 0-3-septate; saprobic, on numerous substrates, also as a secondary invader on

leaf SPOts CaUSEd DY OthEF FUNGI ....v.ceieirce b C. macrocarpum
35(28) Conidiophores usually in small to moderately large, loose to dense fascicles, usually arising from stromata, stromatic hyphal

aggregations or swollen hyphal cells, emerging through stomata or erumpent through the cuticle, occasionally solitary ................... 36
35*  Conidiophores solitary or occasionally in loose groups but not fasciculate, usually arising from hyphae or swollen hyphal cells ...... 75
36  Conidia smooth or almost so, rarely few conidia faintly rough-walled .............cooiriii e 37
36*  Conidia minutely to distinctly verruculose-echinulate, rarely few conidia SMOOth ...........ccriiiiirnie e, 53
37  Conidiophores up to 100 um long, but usually MUCh SROMET ..o 38
37*  Conidiophores usually 1onger than 100 PM ..ot 49
38  Conidia 10-45(-68) um long, occasionally up to 180 pm in length, 0-4(-7)-septate; conidiogenous loci and hila (1-)1.5-3(-4) diam;

ON AIIUI <ot C. victorialis
38*  Conidia usually much shorter, with up to three septa; conidiogenous loci and hila usually NAMOWEr ...........cccocvvereveenerniencrnienns 39
39  Conidia 0-1-septate, rarely With tWO SEPTA ......cuoiiereieee et 40
K 0o oo [ T T o] - (=PSRRI 44
40  Conidiophores OftEN DrANCREA ...........cciiiiiiiicccce et e b bbbt bbb bbbt et bbb s s n bt ne 4
40%  Conidiophores USUAIIY UNDFANCIEA ........c.oieiiieireicieiscieire ettt e st s e sttt 42
41  Conidia often distinctly constricted at the septa; on Corymbia C. myrtacearum
41*  Conidia not constricted at the SEpta; ON CYCAS .......c.ovirericereceees et C. cycadis
42(40) Conidia up to 25 pm long and 7 pm wide; 0N PaSSIflOra ...........ccoeerurierriirscesies et C. maracuja
42*  Conidia shorter, up to 18 UM 10ng, 2=5(=6) PM WIE .......cururiieerieiereer ettt 43

43  Conidiophores fasciculate as well as solitary, arising from internal and external hyphae, often with percurrent, enteroblastic
proliferations; conidiogenous loci and hila very small, up to 1 um diam; ramoconidia sometimes occurring; conidia up to 11 ym long;
0N €aSSi@ aNd CHAMABCIISIA ........ccevrverieiseierieistei ettt bbb C. cassiae-surathensis

43*  Conidiophores usually fasciculate, arising from stromata or stromatic hyphal aggregations, mycelium not external, conidiophores
without enteroblastic proliferations; conidiogenous loci and hila 0.5-1.5(-2) um diam; ramoconidia absent; conidia somewhat longer,

1.5=18 M; 0N RAOAOUENAION ...ttt bbb bbbt b bbb C. rhododendri
44(39) Conidia (3—)4—18(—20) PM IONG ....erterrereiriereiueereireeeseeseeseeseeseesee et e s e ss bbb 8 £ b bbbt 45
e 7 4110 = N (o ToT=Y AT oI (o T [0V 4 OSSO 48
45  Conidiophores fasciculate as well as solitary, arising from internal and external hyphae; ramoconidia occasionally occurring; conidia
2—14(=16) UM [ONQG; ON CAPPAITS ....eerreeeieerere et et sese e tee e see st ee s e e s e ses bbb s s eb s e e b sese b e s e s ee s aesetesseseen C. lineolatum
45*  Conidiophores usually fasciculate; mycelium not external; ramoconidia absent; conidia somewhat Ionger ...........cccooeevecnnicenenne. 46
46  Conidiophores erect to decumbent, unbranched or often branched; on Manihot ..., C. nigrelloides
46* Conidiophores always erect, not decumbent, usually unbranched, rarely branched ... 47
47  Conidiophores 10-58 x 3.5-5 um, often distinctly paler at the apex, almost hyaline; on Jacaranda .......................... C. jacarandicola
47*  Conidiophores 15-70 x 3-6 pym, not distinctly paler at the apex; on CitrUs ..........ocoeevirrnirnnereceeseeee e C. corrugatum
48(44) Conidiophores erect to decumbent, fasciculate or solitary, arising from creeping hyphae, also on trichomes; conidia (8-)10-30(-35) x
2.5-8 1M ON GYNMOXYS oovrierieirtieseiteseset ettt bbb C. inopinum
48* Conidiophores always erect, arising from stromatic hyphal aggregations, not from creeping hyphae, not on trichomes; conidia
somewhat wider, 6-28 X 4—8 M; ON LUDINUS .......ccueueveriiiiiieiieccictee ettt et bbbt ae bbb C. lupiniphilum
49(37) Conidiophores 2.5-5 pm wide; conidia smooth to often minutely verruculose; on Smilax ..........c.cococeovvesnecnninnnn. C. smilacicola
49*  Conidiophores usually much wider, (3—)4-11(—16) um; conidia usually smooth under light MiCroSCOPY ......cooveeurereererencinrireerrereenes 50
50  Conidia (0-)1-6-septate, 9-45 x 4-8 um; on Photinia
50*  Conidia with up to three septa, UP 10 20 M IONG ...viiriiricee et ettt
51 Ramoconidia present, truncate at the base, 2-4 pm wide; conidiophores 50-300 x 3-8 pm; saprobic on leaves of Magnolia
............................................................................................................................................................................................ C. delectum
51*  RAMOCONIGIA TACKING ... ettt ettt s e a8t b bbbt n e s e 52

52 Conidiophores 50-175 x (4-)5-8(—11) um, walls thickened, (0.5-)1-2 um wide, cells often with a distinct small inner lumen clearly
separated from the inner wall; conidia 4-14 pym long, 0-1(-2)-septate, smooth or almost so, but mostly minutely verruculose when
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VIEWEA DY SEM; ON POPUIUS ...ttt ettt sttt C. populicola
52*  Conidiophores (23-)150-360 um or even longer, 6-11(-16) pm wide at the base, distinctly attenuated towards the apex, (2-)3-5.5
pm wide, walls thickened, 0.75-3 ym wide, protoplasm of the cells somewhat aggregated at the septa; conidia 2-22 pm long,
0-3-septate, smooth, with an unusual cell structure (with paler cavity in the centre of the cells); on Cycas ... C. apicale
53(36) Conidiophores up to 100(—120) um long, but usually MUCH SNOMET ..o 54
53*  Conidiophores usually [onger than 100 M ...ttt ee et a s st nnsenenaas 67
54  Conidia solitary or in simple chains; stromata large, at first 10-60 ym diam, later enlarged or confluent, up to 150 um diam; on legumes
OF PRESEOIUS ...ttt C. leguminicola
54*  Conidia at least partly in branched chains; stromata SMAlEr ... 55
55  Conidiophores up to 10 um wide, distinctly rough-walled; hyphae up to 13 UM WIde .....c.ovveeeriiiirrcerecee e 56
55*  Conidiophores narrower, up to 7 um wide (at the very base occasionally wider), usually smooth; hyphae much narrower ............... 57
56  Conidiophores 10-60 um long; conidia without distinct small central lumen; on AeSCUIUS ..........cvveureneecerireennnn. C. asperistipitatum
56*  Conidiophores up to 120(—180) um long; conidia often with distinct visible central lumen; on Gentiana .............c..cc.c..... C. gentianae
57(55) CoNidia UP 10 22 M IONG ......cvuierriiiieeeireieeerei ettt bbb bbb bbb bbb bbb 58
57*  Conidia usually 1onger, UP 0 30 HM IONG ....vuiviiiiriiieeieiriieieiree ettt bbbttt 64
58  Conidiogenous loci and hila small, usually 0.5—=1.5 PM QIaM ..o 59
58*  Conidiogenous loci and hila Wider, 1=2.5 UM QIBM ..ottt s et ense s 61
59  Conidiophores only slightly geniculate-sinuous; conidia without distinct lumen; on Rhododendron ..............cc.ccoceune.. C. rhododendri
59*  Conidiophores usually distinctly geniculate-sinuous or sub-nodulose; conidia often with distinct lumen ... 60
60  On living leaves, but without leaf spots; conidia 0—1(-3)-septate; 0N SaliX .........cccoeurrirrnirrnerreeree e C. minusculum
60*  Forming distinct brown leaf spots; conidia 0-3(—4)-septate; 0N EfiODOIYE ..........ccvveeereerrierieirisieireisicieisienessienns C. eriobotryae
61(58) Conidiophores few to often numerous, in small to moderately large, l00se to dense fascicles ..o 62
61*  Conidiophores solitary or feW iN 100SE fASCICIES ..........oviueuriiirrieie ettt ennas 63
62  Conidiophores up to 125 um long, 4-6.5 ym wide, usually unbranched without distinct constrictions; conidia 2-5(-6.5) ym wide; on
071 Ty = (0] LTSRS C. chamaeropis
62*  Conidiophores up to 80 um long, 3-8 ym wide, often branched with distinct constrictions at the septa; conidia 3-7 um wide; on Yucca
................................................................................................................................................................................................ C. yuccae
63  Conidiophores up to 75 um long; conidia ellipsoid-ovoid to cylindrical, ends rounded or only slightly attenuated, conidia 0-3-septate,
usually distinctly verruculoSe; 0N ONCITIUM ..........cvceeerieiiirieierte ettt C. orchidearum
63* Conidiophores 10-40 um long; catenate conidia distinctly fusiform, with attenuated, pointed ends, 0-1-septate, almost smooth to
VEITUCUIOSE; ON UG ...ttt C. rutae
64(57) Hyphae radiating, forming loose to dense stromatic hyphal plates (fusicladium-like growth), hyphal cells sometimes irregularly lobed;
conidiophores unbranched or once branched; 0N ANGENICA .........coieuriiierieerreer et C. foliorum
64* Hyphae not radiating, without fusicladium-like growth, hyphal cells not irregularly lobed; conidiophores unbranched, only very rarely
DFANCNEA ... bbb 65
65  Conidiogenous loci and hila 1-1.5 ym diam; conidia 2-5 um wide, 0-1-septate, almost smooth to verruculose; on llex ... C. cheonis
65*  Conidiogenous loci and hila (1-)1.5-2.5 um diam; conidia (3—-)4-8(—9) um wide, 0-3(-4)-septate ........cccorerierrriinnirnierenierens 66
66  Conidiophores 8-54 pm long, 0-1(-2)-septate; conidia 0-1(-3)-septate, faintly to conspicuously verruculose-echinulate;
ON TFAGOPOGON .evreieereitieeeete et s bbb b8 8 888888t C. praecox
66*  Conidiophores up to 100 ym long, 0-4(-6)-septate; conidia 0-3(—4)-septate, verruculose; on Vinca ............ccocvevieenee. C. vincicola
67(53) Conidiophores in large, dense fascicles, at the base of the conidiomata more or less parallel, synnema-like; stromata large, 40-150
pm wide, sometimes confluent and even larger, several layers deep; on Soldanella .............c.coocevernironnicnnennne. C. soldanellae
67* Conidiophores in small to moderately large, loose to dense fascicles, but conidiomata not synnema-like; stromata smaller ............ 67
68  CoNIdIOPNOIES 2.5=7 M WIAE ....cvcuiveuereiiiiiieieectct ettt sttt bbbttt b s e e e bbb e bbb bbb s s s s bbb et et e s s s s e s et et et bbb s
68*  Conidiophores usually wider, at 1aSt UP 10 10 M ...eriieicee ettt
69  Conidia in vivo (6-)7-9(-11) um wide (in vitro 5-8 ym); on Narthecium
69*  Conidia in VIVO NAIMOWET, 2.5=6(=7) LM ....cuiuiiieetriieeeereeeetreeeeese et sesseeeseseesseeseeseese s s et e eseee b e e s e e s sesee b aeseees e s e e s aes b e s seses s ant et esnsetannns
70  Conidiophores often with percurrent, enteroblastic proliferations; conidiogenous cells with numerous, often crowded conidiogenous
loci, loci and hila small, 1-1.5 ym diam; conidia 3—15(-19) pym long, with an unusual cell structure (with distinct, central paler lumen in
the centre of the CellS); ON CYPAPEAIUM .........c.co ittt C. orchidiphilum
70"  Conidiophores only sporadically with enteroblastic proliferations; conidiogenous cells with a single or several conidiogenous loci,
neither numerous nor crowded, loci and hila usually somewhat wider, 1-2(-2.5) ym diam; conidia usually longer, without an unusual
CEITSIUCTUTE ..ottt bbb E bbb bbb bbbt 4
71 Conidiophores usually unbranched; conidiogenous loci arranged on about the same level, like a garland; conidia usually 0-4(-5)-septate;
ON SEANAOPEA ...ttt bbb s 8 e E bR b E e A bR E Rt s et C. stanhopeae
71 Conidiophores unbranched or often branched, once or several times; conidiogenous loci not arranged like a garland; conidia usually
O LT o] - (= OO T TSP TTSTT 72
72 Conidia 3.5-26 x 3-7(-8) um, with age becoming longer and wider, distinctly swollen, up to 36 pm long or even longer and up to 11
pm wide, with up to seven septa, forming secondary conidiophores; without ramoconidia; on Dracaena and Cordyline
...................................................................................................................................................................................... C. dracaenatum
72*  Conidia shorter and narrower, 2-18(-21) x 1.5-5(-6) um, with age neither longer and wider nor swollen; ramoconidia occasionally
oceurring, up to 26 um long, 0(—1)-Septate; 0N SMUIAX ..o C. smilacicola
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73(68) Conidiophores up to 310 um long or even longer, 5-15 ym wide near the base, distinctly attenuated towards the apex, 3-5(-6) ym
wide; conidia with an unusual cell structure (with paler lumen in the centre of the cells); hyphae 2—4 ym wide; on Berberis

..................................................................................................................................................................................... C. ushuwaiense
73*  Conidiophores shorter, up to 180 um long, not distinctly attenuated towards the apex, up to 10 ym wide; conidial cells without small
lumen in the centre, but lumen often distinct, clearly separated from the inner wall; hyphae up to 11 um wide or even wider ........... 74
74 Conidia 3.5-23 x 3-6(-8) um, almost smooth to often verruculose or irregularly rough-walled; on Gentiana .................. C. gentianae
74*  Conidia 4-14 x 3-5(-5.5) um, smooth or almost so to slightly verruculose (light microscopy), but most conidia minutely verruculose
WheN VIEWEA DY SEM; ON POPUIUS .......cuieeeirieeieisieeeiseie ettt C. populicola

75(35) Conidiophores characteristically branched, right-angled; on Epidendrum C. rectangulare

75*  Conidiophores unbranched or branched, but NOt FIgt-angled ...

76 Conidiophores always with a conspicuously swollen bulbous base, up to 16 um wide; on Rivina

76*  Base of conidiophores not distinctly swollen, N0t BUIDOUS ..o

77 Mycelium external; conidiophores consistently arising from superficially growing hyphae ..........cccoccveininnininncneseesens

77" Mycelium consistently internal or sometimes both internal and external; conidiophores usually arising from swollen hyphal cells or
internal hyphae, occasionally also from external Creeping NYPNAE ....c.c.vcveviirceiiiciccece e 93

78  Conidiophores very long, 15-500 um, often dichotomously branched, tips (conidiogenous cells) often somewhat swollen; probably
SAPIODIC 1ovvieetictcte ettt bbb e h AR b bR bR bR R bR R SRR AR R b s R bbb a et s R b s C. varians

78*  Conidiophores either much shorter or unbranched to irregularly branched ..............ccccvieiicicecc e, 79

79 Web-like mycelial colonies or patches on green leaves attacked by aphids or only with honey dew, without any lesions, formed by
germinated conidia; mycelium without any nutritive contact to the host leaves, i.e., completely superficial; hyphae 2-6 pym wide,
but often with swollen cells, up to 10 ym diam, monilioid, conidiophores 10-120(-300) x 3-8.5 pym; conidia 3-20 x 2-5 um; secondary

ramoconidia 8-25 x 3-8.5 ym, 0-3-septate, cells often with a distinct central lumen C. aphidis
79*  Either biotrophic species, causing l€Sion, Or SAPIODIC SPECIES ......c..euieriieirinieiieeiie ettt 80
80  Conidiophores USUAIIY 2—6 M WILE .......cuoiiueericeeire ettt ettt es et e e st s et e st nb et es b benneb e 81
80*  Conidiophores usually WIder, 3=9(=T11) LM ..c..ceviiieirieereie ettt 89
81  Conidia narrow, usually 2-5 um wide, 0N the @VEIrage <5 M ...ciuiiiiceireicieee ettt 82
81%  Conidia USUlly WIAEN, UP 10 8 LM ...eiieieeicer ettt ettt se s s et es et enns 86
82  Conidiogenous loci and hila small, 0.5=1.5 PM QIAM ...ttt 82
82*  Conidiogenous loci and hila wider, Up t0 2.5 M QI@M ...t 85
83  Conidiophores erect to decumbent; conidia 3-23(-27) um long, 0-3(-4)-septate; on Heterophragma ............... C. heterophragmatis
83* Conidiophores always erect; conidia usually shorter, usually 0—1-septate, only occasionally with up to three septa sometimes with an

LW TS = =Y U o 0P 84

84  Mycelium smooth to mostly more or less verruculose or irregularly rough-walled; conidia 4-17(-19) um long, with age becoming
distinctly enlarged, longer and wider, 5-7 ym wide, lumen often distinct, clearly separated from the inner wall; on Ulmus

...................................................................................................................................................................................... C. hypophyllum
84*  Mycelium smooth; conidia 4-14(~20) um long, not distinctly enlarged with age, lumen of the cells not distinct; on Styrax
.................................................................................................................................................................................... C. inconspicuum
85(82) Conidiophores 0-3-septate; conidia 0—2-septate; On MIMUIUS ..........cccvvvriivieiiieieiriseseee et C. mimulicola
85*  Conidiophores pluriseptate, with up to 11 septa; conidia 0-4(—5)-septate; on Nerium ...........cccoeeeiviieeseieeisiieesecninens C. neriicola
86(81) Conidiophores 5-50 um long, 0-3-septate; conidia 5-8 um wide, 0-5-septate, often 3-septate; on Artemisia C. obtectum
86* Conidiophores 20-200(—250) um, pluriseptate; conidia (2.5-)3-6.5 UM WIde ........ccovveviirieiiicesece e, 87
87  Conidia usually 0-1(-2)-septate, 2-18 um long, only with age becoming longer and more frequently septate, with up to four septa, with
paler reduced lumen in the centre of the cells; 0N BOUGAINVINEA ...........c..ccveeuiveiiievicirceiee e C. arthrinioides
87* Conidia 0—4(-5)-septate, 5-35(-55) pym long, cells without diStiNCEIUMEN .......c.ccvieiiieiire e 88
88  Conidiophores and conidia verruculoSe; 0N EUONYIMUS .........cccccereurrersinssisinsessissiesssisssesssessasssissssssssssssssssssssnens C. subobtectum
88*  Conidiophores and conidia smooth; on Caragana C. caraganae
89(80) Conidiophores 5-50 pm long, 3-5(-7) um wide, 0-3-septate; on AHEMISIA ........c.ccceverierrenieiesie e C. obtectum
89*  Conidiophores much I0NGEr, PIUTSEPLAIE ....cuevuevieerreiiiieieisiei ettt bbb bbb 90
90 Conidiophores often several times mildly to distinctly geniculate-sinuous, walls often distinctly two-layered; ramoconidia frequently
formed, 17-60 x 4.5-8 ym, 0-3(-5)-septate; on Ulmus and other hosts, probably Saprobic ...........cccoerrerininicrrcnncnne. C. varians

90* Conidiophores usually not geniculate-sinuous, walls more or less thickened, but not distinctly two-layered; ramoconidia absent ... 91
91  Stromata (external) composed of more or less isodiametrical cells, forming a textura angularis; conidiophores 15-300 x 2.5-8 pm,
arising solitarily from creeping hyphae or in loose groups from stromata; conidia 0-2(-5)-septate, walls unthickened or almost so;
0N o SRR C. pipericola
91 SHOMALA TACKING ...veeveceeee bbb R bRt 92
92  Conidiophores 5-150(-210) x (2-)3-6 um, solitary, often also formed secondarily (microcyclic conidiogenesis); conidia 0—1(-3)-septate,
with age becoming distinctly swollen, longer and wider, up to 12 ym wide or even wider, pluriseptate, often constricted at the septa
and thick-walled, sometimes even two-layered; hyphae, conidiophores and conidia sometimes with paler lumen in the centre of the
CEIIS; ON HEHNOMOPIUM ..ottt h bbb bbb C. heliotropii
92*  Conidiophores 20-300 um long, 2.5-5 ym wide above and 4-10 ym wide below, wall 0.5-1 um thick, one-layered; conidia
0-3(-5)-septate, unchanged with age, thin-walled; conidiophores and conidia without paler lumen; on pods of Butea .... C. buteicola
93(77) Conidiophores narrow, USUAIIY 2—5 M WIE ........cccuiiiiriieisieesetsissse ettt ss st bbb b n e 94
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93*  Conidiophores usually Somewhat Wider, 3=8(=11) HM ..o bbb 102
94  Conidia 0-4(-7)-septate, commonly 3-septate, septa usually thickened and distinctly darkened; on Cenchrus and Chaetochloa
....................................................................................................................................................................................... C. spongiosum
94*  Conidia with up to three septa, but septa neither conspicuously thickened nor darkened ... 95
95  Conidiophores solitary, arising from internal and external hyphae or in small [00Se faSCICIES .........ovurvrerirrireerricrrer e 96
95*  Conidiophores always solitary, NON-FASCICUIALE ..........c..civeriieriiiiicr bbb 100
96 Conidia USUAIY O—T-SEPLALE ......o.ovieiiieiceeie ettt bbb bbb bbbt 97
06" CONIIA 0—3-SEPLALE .....v.cvceeerceciee ettt bbb Rt b bbb 99
97  Conidiophores 20100 um long, often with percurrent, enteroblastic proliferations; conidiogenous loci and hila very small, up to 1 ym
diam; conidia 3—11 x 2—4 pm; on Cassia and ChaMAECHISIA .........cc.cveurereeriressieeriesseene s C. cassiae-surathensis
97*  Conidiophores up to 250 pym long, without percurrent, enteroblastic proliferations; conidiogenous loci and hila 0.5-2.5 um diam;
COMIAIA 330 X 2-5(=7) M 1.ttt ettt ettt b bbbt 98
98  Conidiophores often distinctly geniculate-sinuous with numerous densely aggregated conidiogenous loci, conidiogenous cells both
terminal and iNtErCalary; ON PISUM ..........vceueeecsseeee ettt s e s bbbt s e e nenenes C. pisicola
98*  Conidiophores filiform or subcylindrical, neither distinctly geniculate-sinuous nor nodulose with 1-3, rarely more conidiogenous loci;
conidiogenous cells usually terminal; SAPrODIC ........ccccceeriririiiiiccess e C. cladosporioides
99(96) Conidiogenous loci and hila 0.5-1.5(-2) um diam; conidia 2—4.5 pym wide; on Capparis ..........ccceuveeeeevesereresseeninnns C. lineolatum
99*  Conidiogenous loci and hila 1-2 pym diam; conidia 3.5-8.5 UM WIdE .........ccceviveriiiiiiiecs e C. gleditschiae
100(95) Conidiophores 14-150 pm long, unbranched or once branched, arising from internal and external, creeping hyphae; without
microcyclic CONIdIOGENESIS; ON QUETCUS ........cvueuieeireiieriseirieeiseises s essss sttt ssse bbb se bt s bbbt C. fumagineum
100* Conidiophores usually unbranched, always arising from internal hyphae or swollen hyphal cells, longer, up to 275 um ................. 101
101 Microcyclic conidiogenesis often occurring; conidia 3.5-23(-31) x 2-5(-7) pym, 0-2(-3)-septate, pale, hyaline, subhyaline to very pale
0T ( 0T N0 10 T C. xyridis
101* Microcyclic conidiogenesis lacking; conidia shorter and wider, 8-14 x 4-8 pm, usually aseptate; on Carpesium .............. C. carpesii
102(93) Conidia 0-6(-8)-septate, conidial cells sometimes with paler lumen in the centre; 0n BOSCIa ..........ccvveveeurieiiiinierineenes C. bosciae
102* Conidia 0—4-septate, conidial cells without paler lumen in the CENEE .........co i 103
103 Ramoconidia often occurring, 15-23 x 5-7.5 ym, 0(-1)-septate; mycelium sometimes irregularly lobed; on Ranunculus
.................................................................................................................................................................................. C. grech-delicatae
103* Ramoconidia absent or only rarely formed; mycelium not irregularly 10Ded ..o 104
104 Conidia 3=15(=20) UM IONG ...corrieiieietreiei ettt ettt 105
104" Conidia up t0 35 UM IONG OF BVEN IONGET ......coiriiiieieireiei ettt 107

105 Conidiophores (4-)5-8(—11) um wide, often with percurrent, enteroblastic proliferations, walls (0.5-)1-2 ym wide, cells often with
distinct, small inner lumen clearly separated from the inner wall; conidia smooth or almost so to somewhat verruculose (when viewed

by SEM most conidia minutely verruculose), cells sometimes with distinct inner lumen; on Populus .............ccccveeninnn. C. populicola
105* Conidiophores (3.5-)4-7 um wide, usually without enteroblastic proliferations, walls up to 1 um wide, cells without distinct inner
lumen, but protoplasm somewhat aggregated at the septa; conidia smooth, cells without distinct inner lumen ..........c.cccocovveennnee 106
106  Conidia (2.5-)3.5-6(=7) UM Wide; ON LifIOGENAION .......cc.cvvveeveireieisiersisses sttt st na s
106* Conidia (2—)3—4.5(=6) M WIdE; ON ANNONA ......c.cvvviviieiiieisietsesice ettt sb et b bbbt snae st
107(104) Immersed hyphae often with a slime coat; on Cucurbitaceae
107% Hyphae WIthOUL SIIME COBL ......vuiviiicieiicts ettt bbb b bbb bbb s st bbbt a b s bbb st s n s
108 Conidia 3.5-8.5(=9) HM WILE .....vuivrirriieiiiiei ittt
108%  Conidia NATOWET, 2.570(=7) M .....eviveiiectiiietete et sttt ettt bbb s bbbt ettt b s b b s et bbb a bbbt b s st s
109 Conidiophores often subnodulose, with unilateral swellings, but conidiogenous loci not confined to swellings; all structures with oil
AFOPIELS; ON AFBDIS .....vcvviiiieeteetete ettt bbb s bbbttt et bbbt n s C. subsclerotioideum
109* Conidiophores geniculate-sinuous, but non-nodulose; without il droplets; on Gleditsia ............ccccveevrrisrcrrenininns C. gleditschiae
110(108) Conidiogenous cells almost consistently terminal, conidiophores non or barely geniculate; saprobic SPECIES ........cccoevvvrerrennce. 111
110* Conidiogenous cells terminal, but also intercalary; biotrophic leaf-Spotting SPECIES .......c.virierinierere e 113
111 All conidia distinctly verruculose to verrucose; mycelium internal and external; solitary conidiophores arising from superficial hyphae
01T OO PR ST C. auriculae
111* Conidia consistently smooth or smooth to faintly rough-Walled .............coeriiiii s 112

112 Conidiophores very long and filiform-setiform, mostly 100-500 pym long, pluriseptate, pigmented, mostly medium to medium dark
brown or olivaceous-brown and thick-walled (up to 1.5 um), tips often unilaterally swollen; conidia smooth to verruculose

...................................................................................................................................................................................... C. tenuissimum
112* Conidiophores up to about 250 um long, mostly much shorter, paler and thin-walled, < 1 ym, tips not swollen, at most sudenticulate;

conidia usually consistently smooth, only occasionally with a few faintly rough-walled conidia ..............cccoerieenee. C. cladosporioides
113(110) Conidia 3—23(—25) PM I0NG ...vurerrerireieriieiereee e eeseesseseesee e ee st es st es et e e e s et n s b n bbb sses s 114
113* Conidia longer, up t0 30 UM I0NG OF BVEN IONGET ......ccvuiurieireiceieiries et bbb 115
114 Walls of the conidiophores 0.5-1 pm wide; 0n AINUS, EUTOPE ........ouieiiriiierieireices e sseeees C. alneum
114*  Walls of the conidiophores (0.5-)1-2 pm wide; on Oncoba, New Zealand ..o C. oncobae
115(113) Mycelium both iNternal aNd EXIEIMAL ...........cciirre bbb 116
115* Mycelium only internal; walls of the conidiophores mostly only slightly thickened, not two-layered; conidia mostly 0-1-septate, very

rarely with a second Septum, USUEIIY SMOOLN ...........coiieiiiiiiiiceics et b et naes 117
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116  Conidiophores with thickened walls, sometimes even two-layered; conidia 0-2(-3)-septate, smooth to minutely verruculose; on

FTAXINUS ..ottt C. fraxinicola
116* Conidiophores thin-walled and one-layered; conidia 0-4(-5)-septate, smooth; on Caragana .............ccccooervrerininnenes C. caraganae
117  Ramoconidia occasionally formed; conidiogenous loci and hila 0.5-2 pm diam; on Lespedeza and Vigna .............cccoeeeene. C. vignae
117* Ramoconidia absent; conidiogenous loci and hila 1-3 pm diam; on PSOralea .............ccooernernininnncenee e, C. psoraleae

Tabular key to foliicolous Cladosporium species based on host families and genera

Several probably biotrophic Cladosporium species have recently been described from China by Z.Y. Zhang and co-workers (types deposited
at MHYAU). Unfortunately, the type collections of the species concerned could not be re-examined since type material was not available on
loan, and even attempts to examine the specimens in the herbarium MHYAU failed, i.e. the access was refused. Hence, it was necessary
to place the species concerned in the list of not examined, doubtful taxa, above all since Z.Y. Zhang and co-workers used a rather broad
concept of Cladosporium s. lat. Nevertheless, the potentially biotrophic Cladosporium species concerned are listed in this tabular key, but
they are cited in square brackets.

Acanthaceae

[SIODIIANTNES ......covvevvieieiieete ettt bbb e s bbb bbb bbb bbb s bbb b s bbb bbb n ettt C. strobilanthis]

Amaryllidaceae

1 Conidia solitary or in short unbranched or branched chains, subcylindrical-fusiform to often cylindrical, 10-45(-68) x (3-)4.5-8(-9) um,
occasionally up to 180 um in length, 0-4(-7)-septate, smooth or almost s0; 0N AllIUM ..........ccovvvirenenienereresiene C. victorialis

1*  Conidia solitary, wall coarsely ornamented, VErrUCOSE-AIGItALe .........cccvvurveuriuririiisieeiseee sttt 2

2 Conidiophores 60-150(-250) x 4—19 pm, conidia (40-)60-90(-120) um long; on Allium cepa and A. fistulosum ........... C. allii-cepae

2*  Conidiophores usually shorter, up to 120 um long, and somewhat narrower, 4-13 um; on various other Allium spp. and Narcissus
............................................................................................................................................................................................................... 3

3 Conidiogenous loci distinctly peg-like, up to 2 pm high, 1.5-2.5(=3) um wide; on AlliUm SPP. ....covvieieerienereserisesseeeeeees C. allii

3*  Conidiogenous loci up to 1 um high, not peg-like, 1.5-3.5 Um Wide; ON NaICISSUS ........cccovrvrverrrireirieiisisiesssseississeensenns C. lacroixii

Anacardiaceae

RAUS oottt s sttt b b b s s s s et teeas C. verrucocladosporioides

Annonaceae

Yo 1 T C. annonae

Apiaceae

ANGEHICA ...t R AR AR SRR E e £ E £ LR bR RS A AR b e At s et s et b enaas C. foliorum

Apocynaceae

1 Conidiophores in small to moderately large fascicles, arising from substomatal stromatic hyphal aggregations, 3-7.5 ym wide, at the
very base sometimes up to 10 UM WIde; ON VINCA .......c.oueuiieieresecr ettt C. vincicola

1*  Conidiophores solitary, arising terminally or laterally from hyphae, narrower, 2.5-5 Um Wide .........cccooeirniiinencerceeens 2

2 Conidia 2.5-5(-6) um wide, 1-4(-=5)-septate; 0N NEMUM ..........cvvviiiriiiiie e C. neriicola

2*  Conidia 6.4-7.7 ym wide, 0-1-septate, rarely 2-3-septate; on Metaplexis ............coomrrrirrenrrniersee e [C. metaplexis]

Aquifoliaceae

X ettt R R RS £ AR AR AR SRR R4 £ R £ £ e R b 4R R A e £ £ AR R e R LR e SRR RS E R e eE e R s e et et bt ereen C. cheonis

Araceae

1 Conidia (5-)6-9(-10) um wide, smooth; biotrophiC 0N COIOCASIA ..........c.curiurirerniirieiriinieere s C. colocasiae

1*  Conidia narrower, 2-6.5 ym wide, smooth to verruculose; saprobic on dead leaves of Dieffenbachia ..................... C. dieffenbachiae

Araliaceae

L . GRS C. tetrapanacis]

Arecaceae

1 Conidia 13-30(-44) x 7-12 um, 2-4(-5)-septate, conidial wall distinctly 2-3-layered; on Corypha ........c.coccovorveuririnennce. C. coryphae

1*  Conidia much narrower, 2—6 um wide, Wall ONE-aYErEd ...........ccuirirrirerecer ettt 2

2 Conidiophores nodulose, with conidiogenous loci often confined to swellings; conidia 3-10(-14) pm long, 0-1-septate, smooth;
conidiogenous loci and hila small, 0.5-1(—1.5) UM diam; ON BOTASSUS ........cereurierrririerieintsiieiste st C. borassi

2*  Conidiophores non-nodulose, without swellings; conidia longer, up to 20 pm, 0-1(-3)-septate, usually minutely verruculose;
conidiogenous loci and hila wider, (0.5-)1-2(-2.5) um diam; on Chamaerops ............cccoeveurnernrieernseeeneseeseseneenens C. chamaeropis
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Aristolochiaceae
a0 oo 1 T C. aristolochiae)
Asparagaceae
1 Conidia solitary or in short uUnbranched ChaINS ..o 2
1*  Conidia catenate, in BranChed ChAINS ..........cccoiiieece ettt s sttt et se e et sttt e sese e se st tet et ean e s st teresens 4
2 Conidiophores 80-250(-300) x 5-16 um; conidiogenous loci and hila 3—-4 ym wide and 1.5-2 pym high; conidia (35-)40-70 x 18-24
HM; ON POIYGONGIUM ...ttt C. polygonati
2*  Conidiophores shorter and narrower, (12-)25-130(-200) x (3-)4.5-12 um; conidiogenous loci narrower; conidia (10-)20-60(-75) x
(B=)T=15(=168) M 1ovoitiitctiteictees ettt ss bt s bbb s b s b s bbb bR b bRt bbbt bt 3
3 Conidiophores (3-)4.5-8(-10) um; loci 1.5-2.5(-3.5) pym diam; conidia (5-)7-12 um wide, (0-)1-3(-5)-septate, echinulate (digitate
UNAEr SEM); ON ATTAIODOGIUM. ......covoirieieeiise ettt C. arthropodii
3*  Conidiophores (7-)8-12 um, loci (2-)3(—4) um diam; conidia (7-)9-15(-16) um wide, (0-)2-6(-7)-septate, verrucose to coarsely
VEITUCOSE; ON OMITNOGAIUM ........coveeveeieessiee ettt s b n st e st s s s esan s C. ornithogali
4 CONIAIOPNOIES SOIEAIY ....vvveveeeiveiieeteiete ettt ettt bbbt b s s bbb bbb s et bbb bbb et b n st s et b st see 5
4*  Conidiophores in small to very large, 100S€ t0 ENSE fASCICIES .......cevviriiriiicieice e b s 6
5 Conidia 2.8-15.410ng; 0N OPRIOPOGON ... coocovveeeieiieisieieisietetees et bbb [C. ophiopogonis]
5% Conidia 3.1-20.6 10ng; ON POIYGONALUM .......cvcvvrevereeereiiereieeisieiie et ssaes s enassasssaenn [C. polygonaticola]
6 Conidiophores 20-80 x 3-8 um; conidia 4—18 pm long, 0—1-septate, 0N YUCCA ..........ccovververevervierireirreiieeisee e C. yuccae
6*  Conidiophores 20-240 x 3-5(-5.5) ym; conidia 3.5-26 um long, 0-3-septate; on Cordyline, Dracaena .................... C. dracaenatum
Aspleniaceae
[INEOTIOPLELIS ...ttt bbbttt s st et e s bbb bbbt e st s s s s sa et et et bbb s s n s s et ten C. neottopteridis]
Asteraceae
1 Mycelium internal; conidia loosely to densely verruculose or faintly to distinctly verrucose-echinulate ..., 2
1*  Mycelium mainly external; conidia usually smooth, only occasionally some conidia verruculose or faintly rough-walled ..................... 6

2 With well-developed, large stromata, at first 20-100 ym diam, later expanded, pustulate, up to 500 ym diam; conidiophores in dense
fascicles, 100-250 um long; conidia coarsely verruculose, warts up to 1 um diam, distant (up to 2.5 ym); on dead stems of Zinnia

........................................................................................................................................................................................... C. oblongum
2*  Stromata lacking or almost so; conidiophores solitary or in small, loose fascicles; conidia almost smooth to densely and finely
VEITUCUIOSE OF VEITUCUIOSE-ECIINUIALE .....vviiieeieieeieicets sttt ettt sttt 3
3 Conidial hila 1-1.5 pm diam; conidia (5=)10—=15(=20) PM I0NG .....eviiirriiriirieirteeire e 4
3*  Conidial hila wider 1-3.5(4.5) um diam; conidia diStNCHY IONGET ........cc.curiirieiriricire e 5
4 Conidiophores 48-250 x 3.4-5.8 um; conidia 8—14 x 4-8 Um; 0N CarpesiUm ...........ccoeverireuninienenieneneeise s C. carpesii
4*  Conidiophores 60-100(—200) x 2.5-3 pm; conidia (3-)4-15(-20) 2-3.5(—4) ym; on Phaenocoma ...........c.c.cceceene. C. phaenocomae
5 Conidiophores 20-90(-110) x (3-)4-10(~13) um, 0—4-septate; conidia (10-)12-40(-50) x (5-)6-13(-15) um; conidiogenous loci and
hila (1.5-)2-3.5(=4.5) UM diaM; ON AGOSELTS ...cvvueveviieiriieieeise sttt b ettt ea bbb enseaes C. agoseridis
5% Conidiophores shorter and narrower, 8-54 x (2.5-)3.5-6(-7) ym, 0-1(-2)-septate; conidia shorter and narrower, (6.5-)12-26(-31) x
4-7(-8) um; conidiogenous loci and hila narrower, 1-2.5 um diam; on Tragopogon ...........ccccoevvveeneeesseeisessese s C. praecox
6 Conidiophores solitary to often fasciculate, arising from small stromata or creeping hyphae, 10-120 um long; conidia 2.5-6 ym wide;
ON GYNMOXYS vvrveevveescteiiete et ettt sttt st b s bbb s s b b s s bbb bbb b s bbb b s s bbb s et s b b A bbb bbb bbb bt a s C. inopinum
6*  Conidiophores solitary or in loose to dense groups, but non-asciculate, arising from pluriseptate, external, creeping hyphae or stromatic
hyphal aggregations, much shorter, 5-50 um long; conidia wider, (3—)5-8 Um; on ArtemiSia ........cccoovveerverenrrennninnn. C. obtectum
Berberidaceae
BEIDEIIS ...ttt R AR RS R AR R SRR E R £ AR et ne et C. ushuwaiense
Betulaceae
AUNUS .ottt a st e s E e £ RS E e £ AR R £ SRR £ SR SR AR R SRS RR A S A LA £ AR R R AR A LA SRR AR e R RS ee R et SR et ne et enne R s nnanen C. alneum
Bignoniaceae
1 Conidiophores arising from swollen hyphal cells and superficial hyphae, 15-500 ym long, frequently dichotomously or subdichotomously
branched; on leaves of Catalpa but also on different NOSES ...........ccccciiiieeeiccccc e C. varians
1*  Conidiophores much shorter, unbranched or irregularly BranChed ............cciiri e 2
Mycelium external; conidiophores solitary, arising from swollen hyphal cells or superficially growing, creeping hyphae, 4-113(-190)
um long, often growing like and confusable with hyphae; conidia 3-23(-27) um long; on Heterophragma ......... C. heterophragmatis
2*  Mycelium internal, usually substomatal; conidiophores usually fasciculate, arising from stromata, emerging through stomata, shorter,
10-58 pm long, not growing like and not confusable with hyphae; conidia shorter, 4-18 um long; on Jacaranda ..... C. jacarandicola
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Boraginaceae

HEHOITOPIUM ...ttt ettt bbb bbb bbb bbbt e At bbb b bbb bbb bbb st n s C. heliotropii

Brassicaceae

1 Conidia catenate, in longer chains, 6-33(—44) x 4-8(-9) um, 0-4-septate; on Arabis .........ccoocvverierreniennenn, C. subsclerotioideum

1*  Conidia solitary or in short chains, 10-14 um wide; on Brassica and TRelypPOIUM ...........c..ccccoccerrrrerirsvinrissrerisissiernens C. brassicae

Campanulaceae

[PIBEYCOUON ...ttt C. platycodonis]

Capparaceae

1 Mycelium internal; stromata intraepidermal; conidiophores cylindrical-oblong, unbranched, rarely branched, 35-130 x 4.5-7(-9) ym;
conidia polymorphous, 4-40 x 4.5-8 ym, 0-6(-8)-septate; conidiogenous loci and hila 1-2.5 ym diam; on Boscia ........... C. bosciae

1*  Mycelium at first internal, later also external; stromata lacking; conidiophores filiform, unbranched or branched, sometimes slightly
furcate, shorter and narrower, 8-70(-90) x 2.5-5(-6) um; conidia shorter and narrower, 2-14(-16) x 2-4.5 pm, 0-3-septate;

conidiogenous loci and hila narrower, 0.5-1.5(=2) um diam; on CapPAriS .......c...ceveeeurienerernrieeeinsiesesssiessessseesssssseseens C. lineolatum
Caricaceae
[CAIICA ... C. caricinum]
Caryophyllaceae
1 Conidia solitary or only in very short uubranched chains, (15-)25-55(-65) x (10-)12-15(-17) um, echinulate; on Dianthus and
possibly other hosts of this FAMIIY ..o e C. echinulatum
1*  Conidia in branched chains, much smaller and narrower, < 20(=25) X 7 IM, SMOOLN ........covirirriieirirereees e 2
2 Life cycle both sexual and asexual; ramoconidia 3-4(-4.5) pm wide; 0N SileNe ..o C. silenes
2 Life cycle only asexual; ramoconidia 4.6—7.2 UM Wid€; ON LYCHNIS ........ccvvuvierreiriniiinieiieissieeissiens e ssssesenns [C. lychnidis]
Celastraceae
EUONYIMUS ...ttt C. subobtectum
Chenopodiaceae
R L L T C. variabile
Cucurbitaceae
Citrullus, Coccinia, Cucumis, Cucurbita, Lagenaria, Luffa, Momordica, SECHIUM .........c.cccccovrirrvnisiinnesensesessss s C. cucumerinum
Cycadaceae
Cycas
1 Conidiophores very long, usually 150-360 ym C. apicale
1% Conidiophores much Shorter, 20—60 M .........cccoiiiiiieiiecre et ae bbb s b bbbt C. cycadis
Dryopteridaceae
[CYIIOMUUM ..ottt bbbt C. cyrtomii]
Ericaceae
RAOGOGENAION ... bbbt bbb bbb C. rhododendri
Euphorbiaceae
1 Conidiophores 10-90 x 2.5-6 ym; conidia 4-18 ym long, smooth or almost s0; on Manihot ..............cccoevvernernnnene. C. nigrelloides
1*  Conidiophores 150430 x 3—4 um; conidia 4.5-25 (-29), smooth to loosely verruculose, irregularly verruculose-rugose or rough-
WAHEA; ON ACAIYDNA ...ttt s Rt R ettt R bbbt s e C. acalyphae
Fabaceae
1 Conidia dimorphic, with large, above all wide conidia, .23-37 x 8.5-13.5 ym, 0-6-septate, and smaller conidia, only 12.5-25 x 5-8.5
[V o A () o) TR C. robiniae
1*  Conidia not distinctly dimorphic, narrower, < 10 M WIGE .........cccviiiriiieiecesets et 2
2 Conidiophores at least partly solitary, arising from superficial NYPhAE ...........ccouriiiririnir e 3
2*  Conidiophores not arising from SUPErficial NYPNEE .........c.o it 6
3 Conidiophores and conidia smooth to distinctly rough-walled Or FUGOSE ........covvieiiiiie et 4
3*  Conidiophores and Conidia SMOON ...........ccciiiueiiiiiciicee ettt bbbt b bbb b b e 5
4 Conidiophores 20-300 um long, 4-10 ym wide below and 2.5-5 um wide in the upper half; on pods of Butea ............... C. buteicola
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4*  Conidiophores 16105 X (3.5=)4—6 UM; ON GIBAIESIA .........cceevrivrieeiieiiieirierieree e C. gleditschiae

5 Conidiophores 30-200(~250) um long; conidia 5-35(-55) x (2.5-)3.5-6.5(-7.5) ym, 0—4(-5)-septate; conidiogenous loci and hila 1-2
UM diam; ON 18AVES OF CArAGANA .........ccvuiureriiierieiris ettt C. caraganae

5% Conidiophores 20100 uym long; conidia 3—-11 x 2—-4 um, 0—1-septate; conidiogenous loci and hila up to 1 ym diam; on Chamaecrista
010 BT O C. cassia-surathensis

6  Conidiophores with nodulose swellings, short, ca. 20-55 um long; conidia smooth, 0-1-septate; on Lathyrus ................... [C. lathyri]

6 Conidiophores WIthOUL SWEIIINGS .........c. ettt 7

7 Conidia in short chains, ca. 5.5-9.5 ym wide, 0-3-septate, distinctly verruculose; on Pisum ..........cccccoecvvvrvrrvvrnennne. [C. qinghaiense]

7% Conidia in long, branched chains, or narrower, or only smooth to faintly rough-walled ... 8

8 Conidiophores solitary or mostly loosely fasciculate, relatively short, 10-80 um long; conidiogenous cells terminal, with only few
conidiogenous 10Ci; CONIIA 0—3-SEPLALE ........c.oieiiuriirieiicee bbb 9

8*  Conidiophores solitary or in small loose groups, but non-fasciculate, longer, up to 180 um; conidiogenous cells terminal and intercalary,
often with numerous conidiogenous loci; conidia 0—1(—3)-SEPLATE ......ccveeiiicriieier e 10

9 Stromata small, ca. 10 ym diam; conidia SMOOth; ON LURINUS ........cccueviriieiriereseicesee et C. lupiniphilum

9*  Stromata well-developed, 10-60 ym diam, later expanded, up to 150 um wide; conidia verruculose; on dead legumes of Phaseolus
0o TP C. leguminicola

10  Conidiophores 3-7(-8) um wide; conidiogenous loci and hila 0.5-2 ym diam; ramoconidia occasionally formed, base up to 3.5 ym
wide; conidia 3—22(=29) UM IONG; ON VIGNA .....ovviveiiciicecee sttt C. vignae

10*  Conidiophores somewhat narrower, 3-6 um wide; conidiogenous loci and hila somewhat wider, 1-3 ym diam; ramoconidia not
occurring; conidia usually SOMEWNAt IONGET, 530 .......ceuiiieree e 11

11 Conidiophores 22-130 x 3-6 pm, slightly geniculate-sinuous; conidiogenous loci and hila 1-3 ym diam; conidia 5-30 x 3.5-7 ym;
ON PSOFAIBA ...ttt e s R bbbt b s A AR bbb bbb R Attt s s C. psoraleae

11*  Conidiophores 20-180 x 3-5(-7) um, often distinctly geniculate-sinuous; conidiogenous loci and hila 1-2.5 ym diam; conidia 3-26 x
B5(=T) M ON PUSUM .ottt s et 8 b2 s a8 e e bbb s et ens et es s C. pisicola

Fagaceae

QUETCUS ...voevveveeeese ettt st s e s st s 2222022222822 2 22422 s ARt n et n et C. fumagineum

Gentianaceae

GBNHIANG ..ottt bbb C. gentianae

Hydrangeaceae

[HYGPBNGEA ..ot C. hydrangeae]

Iridaceae

Iris

1 Conidia (18-)30-75(-87) x (7-)10-16(-18) um, (0-)2-6(-7)-septate, wall thickened, above all in older conidia, up to 1 ym wide
................................................................................................................................................................................................... C. iridis

1*  Conidia shorter and wider, 15-55 x (9-)11-19(-21) um, 0-3-septate, wall thicker, up to 2 pm wide .........c.cccovvrvierennns C. pseudiridis

Lamiaceae

[TEUCTIUM ...ttt ettt a bbbttt a st s st e s en s ans et s s C. teucrii]

Lauraceae

OCOMBA ...oecvveeteeecte ettt ettt bbb e b b s bbb b s b b At bbb bR bbbt bbb A bbbt b a bbb b et s e en C. oreodaphnes

Liliaceae

[Liliaceae s. lat. see also Amaryllidaceae (Allium) and Asparagaceae (Arthropodium, Ornithogalum, Polygonatum)] ............. C. ornithogali

Magnoliaceae

1 Stromata developed, 15-40 pm diam; conidiophores solitary or in small loose groups; ramoconidia lacking; causing leaf-spots on
oo =T Lo PP C. liriodendri

1*  Stromata lacking or almost so; conidiophores solitary or in small to moderately large fascicles; ramoconidia present; on dead leaves
OF MAGINONA ... bbb C. delectum

Malvaceae

[COICROIUS ...ttt £ £ £ C. corchori]

Melanthiaceae

THIIUM oottt ettt b e s bbbt bbb bbb bbb bbb bbb bbb bbb bbbt C. trillii
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Myrtaceae

1 Conidial chains flabellate, spread in a fan-like manner, conidia 2.5-3(-3.5) um wide, aseptate, smooth; on Melaleuca
....................................................................................................................................................................................... C. flabelliforme

1*  Conidial chains not flabellate, branching in all directions, occasionally dichotomously branched, conidia somewhat wider, (2-)2.5-4
um wide, 0-2-septate, finely verruculose, irregularly rough-walled or slightly to distinctly irregularly verruculose-rugose .................. 2

2 Conidiophores asperulate or irregularly rough-walled; conidia 4-30(-37) x (2.5-)3.5-4.5(-5) um, slightly to distinctly verruculose-
FUQOSE; ON EUCAIYDIUS ...ttt C. exasperatum

2*  Conidiophores smooth or almost so; conidia 5-20(-25) x 3-4(—4.5) um, smooth to finely verruculose or somewhat irregularly rough-
walled; on Corymbia and EUCAIYDIUS ..ottt bbbt C. myrtacearum

Nartheciaceae

INBITRECIUM ...ttt sttt C. ossifragi

Nyctaginaceae

BOUGAINVIHEA .....covvieevicicetee sttt e e a st s bbb st bbbt et s bbbt s b C. arthrinioides

Oleaceae

1 Conidiophores dimorphic; conidiogenous cells with numerous subdenticulate, often crowded conidiogenous loci, apex appearing
somewhat rugose (periconiella-like); conidia 2.5-18 x 2-5(=6.5) Um; ON SYriNGa .......cccoevvevrerienerieieniesesee e, C. syringicola

1*  Conidiophores non-dimorphic; conidiogenous cells with a single to several conidiogenous loci, not crowded, apex not periconiella-
TP 2

2 Conidiophores up to 265 um long, (2.5-)4-9 UM Wide; ON FraXiNUs ..........ccccuenerieinsinieinsinsienssse s sssesssesnens C. fraxinicola

2*  Conidiophores much shorter and narrower, ca. 20-70 x 4.4-5.9 um; 0N FOISYtNIa ........coovvvrrrvvsrinsssrissssris s [C. forsythiae]

Onagraceae

O L T T C. circaeae)

Orchidaceae

1 Conidiophores characteristically branched, right-angled; on Epidendrum ... C. rectangulare

1*  Conidiophores unbranched, rarely sparingly branched, but not fight-angled ... 2

2 Conidiophores solitary, rarely in small groups, not emerging through stomata; on Stanhopea ............ccccocovevneninncnnes C. stanhopeae

2*  Conidiophores loosely to densely fasciculate, rarely solitary, usually emerging through stomata ..., 3

3 Conidiophores 50-175 um long, pluriseptate, often entero-blastically proliferating, often nodulose with small intercalary swellings;
conidiogenous cells terminal and intercalary, with numerous, crowded conidiogenous loci; conidia subglobose, broadly ovoid, ellipsoid
to somewhat irregular, smooth to minutely verruculose; loci and hila 0.5-1.5 ym wide; on Cypripedium .................. C. orchidiphilum

3*  Conidiophores shorter, 20-75 ym long, 0-3-septate, not enteroblastically proliferating, without swellings; conidiogenous cells terminal,
only few conidiogenous loci, not crowded; conidia obovoid, ellipsoid to subcylindrical, usually verruculose; loci and hila wider, (1-)1.5—-

2.5 UM dIaM; ON ONCIQIUM ...oooveveeciee ettt bbbt bbb s s sttt C. orchidearum
Passifloraceae
PASSIfIOA .......cocvevecieiiiicueieeic ettt sttt sttt a s st A bR R bR R AR AR bbbt s bbbt C. maracuja
Phrymaceae
IIMUIUS ..ottt s 28188t s s C. mimulicola
Phytolaccaceae
RIVINA <..eveveetoeteeieieie ettt ettt bbb E SRR R e bRt b ettt s bt et ns C. rivinae
Pinaceae
Pinus
1 Conidia 0-3-septate, almost smooth to usually verruculose, sometimes verrucose in vivo; in vitro conidiophores macronematous,
(2.5-)3.5-5.5 ym wide, terminal conidial chains long, up to NiNe CoNIdIa .........c.overereerriicerrecerees e C. pini-ponderosae
1*  Conidia 0-1-septate, almost smooth to minutely verruculose; in vitro conidiophores both macro- and micronematous, (1.5-)2.5-4 ym
wide, up to three or four conidia in the terminal unbranched part of the chain ..., C. chubutense
Piperaceae
PUDEE bR E bR E bbb bbbt C. pipericola
Plantaginaceae
MEIOSPEIMA ... bbbt C. melospermae
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Poaceae
1 Conidiophores solitary, non-fasciculate, arising from internal and external creeping hyphae, 5-90 x 3-5(-6) ym; conidia catenate,
in unbranched or branched chains, narrow, 3-41(-60) x 3.5-5.5(-7) um, 0-4(-7)-septate, septa often distinctly darkened, smooth;

conidiogenous loci and hila narrow, 0.5-1.5(-2) ym diam; on Cenchrus and Chaetochloa ..............ccccovvveninicnneen. C. spongiosum
1*  Conidiophores fasciculate, longer and wider; conidia solitary or only in short chains, rather large, about 23-40(-60) x 6-15 um,
VEITUCUIOSE ...vuveeeeereeeeeeee e eeets e eresee st eesee s ees et eesese e s e s e eee e e seE e e e e e ees A e e e s e e AeE e e e a8 e e a2 A e At e R ee s s e e e se e ans b es e s et s et et e esesannis 2
2 Conidiophores in usually fairly large, dense fascicles, some-times in palisade-like layers, arising from stromata, 40-120 x 5-9 um;
conidia solitary, 0-1-septate; conidiogenous loci and hila 3-5 um diam; on AIOPECUIUS ..........ccoeuverieneninenenereninne C. alopecuri
2*  Conidiophores solitary orin small, loose fascicles, up to 300 ymlong, 6-9 um wide; conidia solitary or in short chains, (0-)1-3(-5)-septate;
conidiogenous loci and hila 2—2.5 pm diam; 0N PAIBUM ...........covriieririisiscsis s C. phlei
Polypodiaceae
LT =0T o) (= T C. neocheiropteridis]
Primulaceae
1 Stromata lacking; conidiophores solitary or loosely aggregated, 100-400 um long; on dead leaves of Primula ............... C. auriculae
1 Stromata 40-150 ym diam; conidiophores in large, dense fascicles, sometimes even subsynnematous; on Soldanella
........................................................................................................................................................................................ C. soldanellae
Proteaceae
1 Sexual part of the life cycle formed; asci, aSCOSPOres; ON GreVillEa ..........cccuvvvvrreurririeisrsieissisiseissieiseissie s C. grevilleae
1*  Asexual part of the life cycle formed; conidiophores and conidia; on AIOXYION ........c.cccvvvenenieneniienesessinieens C. angustisporum
Ranunculaceae
Ranunculus
1 Conidia solitary, very 1arge, ca. 3080 X 7.5-9 M ..ot C. ferox
1*  Conidia catenate, much smaller, (2.5-)9-23 X (2.5-)3.5=7.5 M ..o e C. grech-delicatae
Rosaceae
1 Conidia (2-)3-45 x 2-8 um, 0-6-septate; conidiogenous loci and hila 1-2.5(-3) ym diam; on Photinia ....................... C. diaphanum
1*  Conidia smaller, up to 22 ym long, 0-3(—4)-septate; conidiogenous loci and hila 0.5-2 pym diam; on Eriobotrya ..........ccccccvvvrrvvnnene. 2
2 Conidiophores dimorphic, 50-300 um long, sometimes branched, not geniculate; conidia 3.5-14(-20) x 2.5-6 ym, 0-1(-2)-septate,
very pale, SMOOth OF AIMOSE SO ... C. fusicladiiformis
2*  Conidiophores not dimorphic, 20-120 um long, unbranched, usually distinctly geniculate-sinuous; conidia up to 22 ym long,
0-3(—4)-septate, diSHNCHY VEITUCUIOSE ........c.cveviereieieieieicsese et C. eriobotryae
Rubiaceae
L 17 TP T TSP PR C. galii
Rutaceae
1 Conidia solitary or occasionally in short chains, rather broad, (15-)18-30 x 9-13 um; on Haplophyllum ...................... C. haplophylli
1*  Conidia catenate, NAMOWET, 3—7 UM WIAE ......c.cceiiiueiiiiieiiiete ettt ettt bbb b a bbb b s bbb b st s aee 2
2 Conidiophores 10-40 pm long, 0-1(-2)-septate; conidiogenous cells terminal or conidiophores often reduced to conidiogenous cells;
conidia 0—1-septate; conidiogenous loci and hila 1.5-2.5 um diam; 0N RUA ........ccevriirniirer s C. rutae
2*  Conidiophores longer, 15-70 ym long, 0-5-septate; conidiogenous cells terminal or intercalary; conidia 0-2(-3)-septate; conidiogenous
loci and hila narrower, 0.5-1.5(=2) IM diam; ON CIlTUS .....c.vueveiierieiieinsiessisse sttt ss st C. corrugatum
Salicaceae
1 Conidiophores mostly strongly and frequently geniculate-sinuous, 15-100 x 2-5(-7) pm; conidiogenous cells 0.5-1.5 ym diam; on
T ) OO S C. minusculum
1*  Conidiophores longer and wider, 50-175 x (2.5-)3-8(-11) um, only somewhat geniculate-sinuous or subnodulose; conidiogenous loci
Lo 4T RV o T PO 2
2 Conidiophores (4-)5-8(—11) um wide; conidia 4-14 x 3-5(-5.5) ym, 0-1-septate; on POPUIUS .........cocvveerirrierreeneennes C. populicola
2*  Conidiophores (2.5-)3-6(-7) ym wide; conidia 3-20(-25) x 2.5-6(~7) um, 0-3-septate; on ONCoba ..........ccoevevvevveernennes C. oncobae
Sapindaceae
ABSCUIUS ..ot C. asperistipitatum
Sapotaceae
CRIYSOPAYIUM ... e85ttt C. chrysophylli
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Scrophulariaceae

1o =TT C. digitalicola]

Smilacaceae

R 1111 TR TTTTTPTTT C. smilacicola

Styracaceae

SEYFAX ottt bbb AR E AR E AR AR bR bR C. inconspicuum

Thymelaeaceae

[EGGEWOITNIA .........voeoeieise e85ttt C. edgeworthiae]

Typhaceae

/L T O C. heleophilum

Ulmaceae

Ulmus

1 Conidiophores 58-325 x 3.5-9(-11) um; ramoconidia up to 60 um long, 0-3(-5)-septate; conidia polymorphous, 2-32 x 2—7 um,
0-2-septate; conidiogenous loci and hila 0.5-3 ym diam; on Ulmus laevis and additional hosts ............ccccoveenrnnicninee C. varians

1*  Conidiophores much shorter and narrower, 10-80(-100) x (2-)2.5-4(-5) um; ramoconidia absent; conidia shorter and narrower,
4-17(-19) x 2-5 pm, 0-1(-3)-septate; conidiogenous loci and hila narrower, 0.5-1.5 um; on Ulmus minor .............. C. hypophyllum

Xanthorrhoeaceae

11 T C. dianellicola]

Xyridaceae

KIYETIS ettt e AR e R AR E e E £ AR SRR LA LR SR £ R R £ SRR A £ E e R £ AR A ARt A e £ A b e A et s bt ee et s nnne C. xyridis

Zingiberaceae

Y o) LU C. alpiniae]

Key to fungicolous and lichenicolous Cladosporium species in vivo based on morphology and ecology

Beside fungicolous and lichenicolous Cladosporium species, this key also contains some common, widespread saprobic species which
occasionally occur on other fungi and lichens.

1 With numerous globose to subglobose terminal conidia, almost smooth to verruculose; conidiophores often branched; saprobic species

............................................................................................................................................................................. C. sphaerospermum

1% Without globose tErMINAI CONIIA ..........evierieiieieire bbbt 2
2 Conidia verruculose, rarely a few intermixed conidia SMOOth OF @IMOSE SO ......c.vcuiiiierirer s 3
2*  Conidia smooth or almost so, rarely a few intermixed conidia faintly rough-walled ...........cccoovrierieiniicsicee e, 8
3 Conidiophores distinctly nodulose, swellings round about the stalk; conidiogenous loci confined to swellings; saprobic species,
occasionally occurring on other fungi and lichens as SECONAArY INVAGET .........c.cvceieiniiniinenie e 4

3*  Conidiophores non-nodulose, straight, subcylindrical to geniCUlate-SiNUOUS ..........cccoveveirrreniniriserenseseess s, 5
4 Swellings of the conidiophores up to 8 um diam; conidia in branched chains, secondary ramoconidia usually (3-)5-7(-8) um wide
........................................................................................................................................................................................... C. herbarum

4*  Swellings of the conidiophores wider, up to 12 um diam; conidia in vivo dimorphic, smaller conidia in branched chains, mixed with at
least some very large conidia, formed singly or in short simple chains, (6-)7-12(=15) pm wide .........ccccoovvreerrnnne. C. macrocarpum

5(3) Conidiophores often irregularly to dichotomously branched; on Exobasidium C. exobasidii var. verruculosum

5*  Conidiophores unbranched, rarely with @ Single branChing ..o 6
6 Occasionally with ramoconidia; isolated from Caloplaca regalis, Antarctica ...............cccouennee. C. antarcticum
6*  Ramoconidia lacking; on aecia of rust fungi or EDIChIOE tyPRING ...........coevverieisieieste sttt 7
7 ON EPICAIOE EYPRING ...ttt ettt st e s e C. epichloés
7 0N @ECIA OF FUSETUNGI ...viviiecveiicis ettt bbbt bbb bbb bbbt s b C. aecidiicola
8(2) Conidiophores nodulose, with conspicuous swellings round about the stalk, swellings with conidiogenous [0Ci ..........c.ccccccevrerienee. 9
8% Conidiophores NON-NOGUIOSE .........cccuiuiuiuiiiiiiiiieie ettt ettt et b et bbb es e s bbb bbb s e e bt e b et et et bbb n s bt ebee

9 Conidiophores often simply branched; on Exobasidium

9*  Conidiophores unbranched ...

9 Conidiophores very long, about up to 500 ym or even longer, swellings regular, round about the stalk, and remote; saprobic species

......................................................................................................................................................................................... C. oxysporum
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9*  Conidiophores much shorter, up to 80 um, swellings lacking or present, if present not remote and rather irregular; on Taphrina

BOSQUINELIT ....cocvveevieeeciei ettt sttt b bbbt bbb st sttt s nas ‘C. herbarum f. parasiticum’
11(8) Conidiophores very long, up to 550(-800) pm, filiform-etiform, unbranched; conidiogenous cells terminal, often somewhat swollen;
conidia 0—1-septate; SAPrODIC SPECIES .....cvivviiiiercieieieeerr sttt a bbb sn e es C. tenuissimum
11*  Conidiophores usually much shorter or branched; specific, fungicolous or lichenicolous SPECIES ..........ccvvverrirrrrerierreeenes 12
12 Conidiophores frequently branched, branched part terminal, often dense and periconiella-like; conidiogenous loci often numerous and
crowded at the tips Of the BraNCRIBLS ..o bbbt 13
12*  Conidiophores simple or irregularly branched, branching not confined to the apex, not periconiella-like; conidiogenous loci usually not
0110110 T TP 14
13 With well-developed stromata, 45-130 x 30-90 um; conidia up to 29 um long, 2-3(—4)-septate; on rust fungi (Cronartium,
Endocronartium and PUCCINIASIIUM) .........c.vuiuriureierireieesiseeeeesseeeessse e ses s s s see s eses s eb s ss s es s esesse st ssesesnas C. gallicola
13*  Stromata lacking; conidia 3.5-13 pm long, 0—1-septate; lichenicolous, on Parmelia, Pertusaria, Phaeophyscia, Physcia and Xanthoria
..................................................................................................................................................................................... C. licheniphilum
14(12) Conidiophores thick-walled throughout or at least towards the base, thickened walls conspicuously two-layered (light microscopy);
conidia always thick-walled, wall partly tWo-layered @S WEIl ...........cccvrireeeieeeceeee e 15
14*  Walls of the conidiophores and conidia always one-layered (light microscopy), thin to slightly thickened ..., 16
15  Walls of the conidiophores two-layered throughout, septa strongly darkened; hila conspicuously protuberant, up to 1.5 pym high;
ramoconidia lacking; on Monilinia laxa and BOIBLAIES .............coeerreverireesries sttt C. episclerotiale
15*  Conidiophores only two-layered towards the base, septa not conspicuously darkened; hila less protuberant; ramoconidia present; on
GEIWASIA (FUSE FUNMGUS) +.vuvvvrceeietreieeet ettt bbb C. gerwasiae
16(14) Colonies on fruit bodies of macromycetes (gilled fungi, gastero-mycetes, poroid fungi) ........ccceveriereninnennnene e 17
16*  Colonies on pathogenic fungi (rust fungi, powdery mildews, downy mildews or Taphring SPP.) ...ccovevveerierneenininenieneree e, 18
17 Ramoconidia frequently formed, 33-53 x 4.5-7 Um, 0-6-SEPLAE .....ovovvevrevrieicircecsee e C. epimyces
17*  Ramoconidia rarely formed, 21-32 x 4.5-5.5 um, 0—4(-=5)-SEPIALE .......cervvrirerierirerreree s C. lycoperdinum
18(16) Conidiophores erectto frequently decumbent, repent, growth characteristically effuse; ramoconidia present; conidia (0-)1-5(—6)-septate;
conidiogenous loci and hila (0.5-)1-3 um diam; 0N TAPAMNG .........cceveeieeresieieesies et C. phyllophilum
18*  Conidiophores usually erect, neither repent nor effuse; ramoconidia lacking; conidiogenous loci and hila smaller, 0.5-2 ym diam
............................................................................................................................................................................................................. 19

19  Conidia 4-20 pym long; mycelium in asci of Taphring COBIUIESTCENS .......c.cewrieurreierrierree e C. taphrinae
19*  Conidia up to 40 um long; mycelium in sori of rust fungi, on powdery mildew or downy mildew C. uredinicola

Tabular key to fungicolous and lichenicolous Cladosporium species based on hosts

ASCOMYCOLA (ICNEMISEA) ......v.vvveeeisieiiseieie sttt st s a1t
ASCOMYCOLA (NON-ICNEMISEA) ........veeeeeseceee sttt
L E Lo 1) oo IS
Peronosporomycetes (Downy mildews)

Lichenised Ascomycota

1 Conidiophores subcylindrical or only slightly geniculate-sinuous, 5-8 ym wide; conidia smooth, 3.5-13 x 3-7 um; on Parmelia,
Pertusaria, Phaeophyscia, Physcia and X8NtNOMA ............ccoeerioeerreeeseeeseeee st C. licheniphilum

1*  Conidiophores usually distinctly geniculate-sinuous, 3-4.5 um wide; isolated from the thallus of Caloplaca regalis .... C. antarcticum

Non-lichenised Ascomycota

Capnodiales
TEIALOSPRACHIA ..ottt C. chalastosporoides

Erysiphales (powdery mildews)
1 Conidiophores 6-105(-120) um long; conidia 3-17(-24) x (2-)3—4.5 ym, 0-1(-2)-septate; on Phyllactinia guttata

.................................................................................................................................................................................. C. phyllactiniicola
1*  Conidiophores (5-)20-230(-300) um long; conidia 3—-39 x 3-6.5(-8) um, 0-3(-5)-septate; on Erysiphe and Phyllactinia spp.
......................................................................................................................................................................................... C. uredinicola
Helotiales (Monilinia)
Monilinia laxa (SCIBIOtNIA CINEIEA) ...........c.ovueuiuriieireireieereiseiee ettt bbbttt bbbt C. episclerotiale
Hypocreales (Epichloé)
EDICHIOE EYPRING ..ottt s C. epichloés
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Taphrinales (Taphrina)

1 Conidiophores erect to decumbent, repent; ramoconidia PreSENt ..........c.ccccvvievierereeeie s C. phyliophilum
1*  Conidiophores erect, usually not decumbent; ramoconidia [aCKING .........ccccvieriiieiiceres e 2
2 Conidiophores usually arising from hyphae, 23-150(-200) x 3-5(-7) um, without intercalary swellings; conidiogenous loci usually
numerous, crowded, denticle-like; confined to asci of Taphrina COBIUIESCENS ..........ccccvvvevvieerieeieisieeieessisse s, C. taphrinae
2*  Conidiophores usually arising from stromata, 52-82 x 3.5-5.5 ym, occasionally with intercalary swellings, up to 6 ym diam, swellings
with conidiogenous loci, but loci not confined to these swellings; on Taphrina tosquingtii ....................... ‘C. herbarum f. parasiticum’
Basidiomycota

Exobasidiales (Exobasidium)
1 (07010100 [F=TET 11010 (TSP C. exobasidii var. exobasidii
1% CONIAIA VEITUCUIOSE .....eveeeeee ettt sttt st sttt st sa et st et e et s st st b s se b et are s C. exobasidii var. verruculosum

Pucciniales (Uredinales)

1 Conidia verruculose, rarely a few conidia only faintly rough-walled; 0N @€CIa ..........ccvevieiniricncncre e C. aecidiicola
R O 410 = 5] 1o o OSSR 2
2 Conidiophores frequently branched in the upper part, simply branched to several times, dense, periconiella-like; on aecia of Cronartium,

Endocronartium and PUCCINIASIIUM ...........cueuieeeeieeeee ettt ettt es s anseaeen C. galliicola
2*  Conidiophores usually unbranched, rarely a few conidiophores simply branched ..., 3
3 Conidiophores solitary, arising from hyphae, (5-)21-230(-300) x 2-5 ym, walls of the conidiophores only slightly thickened, 0.5-0.75

pm; ramoconidia lacking; on various FUSE fUNGI ... C. uredinicola

3*  Conidiophores in loose to dense fascicles, arising from stromata, larger, 24-366(-630) x 3-8 um, tips often elongated and
narrowed, walls of the conidiophores mostly strongly thickened towards the base, (0.5-)1-1.5 pm; ramoconidia present; on

(CE 2 LI

....................................................................................... C. gerwasiae

On fruit bodies of macromycetes (Agaricales, Boletales, Polyporales, Russulales)

1 Walls of the conidiophores conspicuously two-layered; conidia subglobose, ellipsoid to broadly ellipsoid, often constricted at the septa

which are conspicuously darkened, walls of the conidia often two-layered; ramoconidia lacking; on Boletales ............. C. episclerotiale
1* Walls of the conidiophores not two-layered; conidia polymorphous; ramoconidia present (rarely to frequently formed) ..........cccccoveeenne. 2
2 Ramoconidia frequently formed, 33-53 x 4.5-8 pym, 0-6-septate; on Agaricales and Russulales .............cccocoeovvirrencnne. C. epimyces

2* Ramoconidia rarely formed, shorter, 11-32 x (4.5-)5-6 um, 0-4-septate; on Agaricales, Boletales, Polyporales and Russulales

Cladosporium on aphids

On aphids and superficially on leaves attacked by aphids ...................

RESULTS

Phylogenetic analysis

Approximately 1 700 bases, spanning the ITS and LSU regions,
were obtained for isolates listed in Table 1. These two regions
were analysed separately; ITS, together with EF-1a and ACT, to
determine species level relationships and LSU for the generic
placement. Approximately 350-600 and 230 bases were determined
for EF-1a and ACT, respectively, and these were concatenated with
the corresponding ITS sequences for a combined analysis of the
Cladosporium species with ex-type or representative strains.

The manually adjusted LSU alignment contained 98 taxa
(including the outgroup sequence) and, of the 837 characters used
in the phylogenetic analysis, 408 were parsimony-informative, 50
were variable and parsimony-uninformative and 379 were constant.
Neighbour-joining analyses using the three substitution models on
the sequence data yielded trees with similar topology and bootstrap
values; 528 equally most parsimonious trees were obtained from
the heuristic search, the first of which is shown in Fig. 2 (TL = 2
302, Cl = 0.375, Rl = 0.827, RC = 0.310). The phylogenetic tree
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................................................................................ C. lycoperdinum

........................................................................................... C. aphidis

derived from this region (Fig. 2) shows that Cladosporium s.str. is
restricted whereas Cladosporium-like genera are distributed across
many different orders, including but not restricted to Corticiales,
Pleosporales, Helotiales, Chaetothyriales etc. These genera are
discussed in more detail elsewhere in this manuscript.

The manually adjusted combined ITS, EF-1a and ACT
alignment contained 70 taxa (including the outgroup sequence)
and, of the 1 112 characters used in the phylogenetic analysis, 385
were parsimony-informative, 212 were variable and parsimony-
uninformative and 515 were constant. Neighbour-joining analyses
using the three substitution models on the sequence data yielded
trees with similar topology and bootstrap values. Twelve equally
most parsimonious trees were obtained from the heuristic search,
the first of which is shown in Fig. 5 (TL = 3 415, Cl = 0.372, RI
= 0.636, RC = 0.237). The phylogenetic tree of these combined
regions (Fig. 5) shows that the ex-type and representative strains
known from sequence can be placed in one of three species
complexes, the exceptions being C. salinae and C. aphidis, and
with C. langeronii and C. psychrotolerans not occurring on the
same branch as the rest of the species in the C. sphaerospermum-
complex but as a more basal sister clade.
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Alphabetical descriptive list of true Cladosporium
species

The present work provides a comprehensive treatment of all
biotrophic, foliicolous, fungicolous and saprobic Cladosporium
species known to date. Cladosporium species formerly referred
to the genus Heterosporium described in detail by David (1997)
are also included. Species of uncertain taxonomic position and
excluded species are separately listed. Names are arranged in
alphabetical order. All species are comprehensively described and
illustrated. Drawings (1: 100) are, if not otherwise stated, based
on type material or other authentic collections. The scale bars
represent 10 um. The treatments of the particular species contain
the scientific names with bibliographic references, synonyms, type
collections, literature references, published illustrations, exsiccatae,
comprehensive descriptions, host range and geographic
distribution, additional collections examined and notes. Author
abbreviations conform to those of Brummit & Powell (1992), while
journal abbreviations follow Lawrence et al. (1968) and Bridson &
Smith (1991). Herbarium names have been abbreviated according
to Holmgren et al. (1990). Abbreviations of exsiccatae conform to
those of Triebel & Scholz (2001-2011). The host and distribution
data indicate the known distributions and hosts or substrates
obtained from checklists, herbarium specimens, databases and
other sources compiled for different countries. Host names have
been checked as far as possible and conform to “Tropicos”. Under
“additional collections examined” all specimens seen are cited,
arranged in alphabetical order. The recently published checklist
(Dugan et al. 2004) served as source for the compilation of the taxa
treated in this monograph.

1. Cladosporium acalyphae Bensch, H.D. Shin, Crous & U.
Braun, Stud. Mycol. 67: 17. 2010. Figs 6-8.

Holotype: South Korea, Hoengseong, N37°32'09” E128°07°07",
isol. from Acalypha australis (Euphorbiaceae), 11. Oct. 2004, coll.
H.-D. Shin, isol. PW. Crous (CBS H-20422). Ex-type culture: CBS
125982 = CPC 11625.

Ill.: Bensch et al. (2010: 18-20, figs 2-4).

In vitro: Mycelium internal and superficial; hyphae unbranched or
loosely branched, filiform to cylindrical-oblong, 1-4 ym wide, later
up to 7 um wide, especially towards the base of conidiophores,
pluriseptate, not constricted or in wider hyphae slightly constricted
at septa, sometimes septa in short succession, smooth or
minutely verruculose, walls unthickened or slightly thick-walled.
Conidiophores solitary, macronematous, arising terminally and
laterally from ascending or plagiotropous hyphae, erect, straight
to somewhat flexuous, very long, narrowly cylindrical-oblong,
150-430 x (2.5-)3-4(-5) pm, unbranched or once branched,
branches often rather long, appearing like a conidiophore on its
own, non-nodulose, sometimes once geniculate, often slightly
attenuated towards the apex, pluriseptate, cells rather long, not
constricted at septa, medium olivaceous-brown, smooth, walls
slightly thickwalled. Conidiogenous cells integrated, terminal and
sometimes intercalary, narrowly cylindrical-oblong, non-nodulose,
occasionally once geniculate-sinuous, 23-80 ym long, with 1-4
loci at the apex, occasionally few additional loci at a lower level,
but mostly above the septum, loci conspicuous, subdenticulate to

3% www.studiesinmycology.org

Fig. 6. Cladosporium acalyphae (CBS 125982). Macronematous conidiophores,
mycelium, ramoconidia and conidial chains in vitro. Scale bar = 10 um. K. Bensch
del.

denticulate, 1.5-2 ym diam, somewhat thickened and darkened-
refractive. Ramoconidia cylindrical-oblong, 21-44(-65) x
3.5-4(-4.5) um, 0(-1)-septate, base truncate, 2-2.5 ym wide,
somewhat refractive. Conidia catenate, in branched chains,
branching in all directions or dichotomously, 1-4 conidia in the
terminal unbranched part of the chain, small terminal conidia
globose, subglobose to obovoid, broad, 4.5-9 x 4.5-6 um (av.
+ SD: 6.9 £ 1.3 x 5.0 £ 0.5), aseptate, apex broadly rounded,
base attenuated, hilum often on a short stalk-like prolongation,
intercalary conidia ovoid, ellipsoid to subcylindrical, often with
rostrate ends, (6-)8-17(-21) x 3.5-5(-6) ym (av. £ SD: 11.3 £ 3.3
x 4.4 +0.7), aseptate, attenuated towards apex and base, small
terminal and intercalary conidia smooth to loosely verruculose,
irregularly verruculose-rugose or rough-walled (LM), surface with
irregularly reticulate structure or embossed stripes under SEM
probably caused by diminishing turgor and shriveling of young
conidia, thin-walled, with 1-3(-4) hila at the apex, secondary
ramoconidia ellipsoid to subcylindrical or cylindrical, 12-25(-29)
x 3-5 um (av. £ SD: 18.4 £ 4.5 x 3.9 £ 0.6), aseptate, rarely
1-septate, pale to medium olivaceousbrown, smooth or finely
verruculose, walls slightly thickened, hila conspicuous, often
situated on small peg-like prolongations, subdenticulate to
denticulate, 0.8-2 ym diam, somewhat thickened and darkened-
refractive; microcyclic conidiogenesis occurring.

Culture characteristics: Colonies on PDA attaining 60-72 mm
diam after 14 d, olivaceous-grey to grey-olivaceous, reverse
leaden-grey to iron-grey, powdery to floccose, margins colourless
to grey-olivaceous, narrow, feathery, regular, aerial mycelium
loose, diffuse to floccose or fluffy, mainly in colony centre,
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olivaceous-grey, growth effuse, without prominent exudates,
sporulation profuse. Colonies on MEA reaching 56-64 mm diam
after 14 d, grey-olivaceous to pale olivaceous-grey and iron-grey
towards margins, somewhat zonate, reverse iron-grey, powdery
to floccose, margins colourless to white, feathery, regular, aerial
mycelium diffuse to floccose, pale olivaceous-grey, mainly in
colony centre, growth effuse, radially furrowed in the centre,
without prominent exudates, sporulation profuse. Colonies on OA
attaining 59-67 mm diam after 14 d, dark smoke-grey to brownish,
iron-grey towards margins, reverse leaden-grey to iron-grey,
powdery to floccose, margins grey-olivaceous, glabrous, regular,
aerial mycelium diffuse to floccose, white to pale olivaceous-
grey, growth effuse with numerous not very prominent exudates,
sporulation profuse.

Substrate and distribution: On Acalypha australis; South Korea.

Notes: Cladosporium acalyphae is genetically close to C.
delicatulum and C. inversicolor (Bensch et al. 2010, fig. 1, part a),
but constitutes a distinct lineage in TEF as well as ACT (distance
analyses in TreeBASE), but it is morphologically quite distinct from
the latter two species and all other taxa of Cladosporium.

Fig. 8. Cladosporium acalyphae (CBS 125982). A. Secondary ramoconidia and
conidia on a conidiophore. Note the smooth surface of the conidiophores. B-C.
Secondary ramoconidia on smooth conidiophores and patterns of scars. D. Details
of scars on a secondary ramoconidium. E. Secondary ramoconidia and scars.
F. Conidia as seen with cryoSEM showing a reticulate surface ornamentation.
G. SEM micrograph of “meristematic development” on the agar surface and two
conidiophores formed. Scale bars = 2 (D-E), 5 (B-C, F), 10 (A, G) um.
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Fig. 9. Cladosporium aecidiicola (B 700006144). Conidiophores arranged in
fascicles and conidia in vivo. Scale bar = 10 um. B. Heuchert del.

2. Cladosporium aecidiicola Thim., Mycoth. Univ., Cent.
IV, No. 373. 1876. Figs 9-11.

Lectotype (designated here): Germany, Bayern, Bayreuth, on
aecia on living leaves of Euphorbia cyparissias (Euphorbiaceae),
1874, Thimen, Mycoth. Univ. 373 (B 700006144). Isolectotypes:

Thiimen, Mycoth. Univ. 373 (e.g., B 700006146, BPI 426074, HAL,
HBG, M-0057483) and Germany, Bayern, Bayreuth, May 1874, ex
herb. Thiimen, in herb. Kérnick (B 700006147).

Lit.: Saccardo (1886: 368, 1913a: 1371), Lindau (1907: 806-807,
1910: 796), Ferraris (1912: 350), Gonzales-Fragoso (1927: 211),
Ellis (1976: 330), Ellis & Ellis (1985: 571, 1988), Sagdullaeva et
al. (1990: 43), Braun & Rogerson (1995: 142), Guo (2001: 464),
Zhang et al. (2003: 36-37), Heuchert et al. (2005: 14-17).

Ill: Ellis (1976: 330, fig. 248), Zhang et al. (2003: 36, fig. 11),
Heuchert et al. (2005: 15, fig. 1).

Exs.. Clements & Clements, Crypt. Format. Colorad. 270;
Litschauer & Kreissler, Krypt. Exs. 2938; Savulescu, Herb. Mycol.
Roman. 1342; Spegazzini, Dec. Mycol. ltal. 57; Sydow, Mycoth.
March. 799, 3285; Thiimen, Mycoth. Univ. 373. Vill, Fungi Bav. 898.

In vivo: Colonies on aecia (usually completely overgrown by the
fungus) and surrounding leaf tissue (colonies not vein-limited),
occasionally also on spermogonia, olivaceous-brown to dark
brown, occasionally almost blackish brown, caespitose, velvety,
effuse, confluent. Mycelium superficial to immersed, hyphae
branched, 2.5-6 ym wide, septate, cells 10-15 ym long, often
constricted at septa and with swellings, sometimes forming strands,
subhyaline to pale olivaceous or olivaceous-brown, smooth, walls
somewhat thickened. Stromata lacking to diffuse, composed of
subglobose cells, 3—7 um diam, pale olivaceous-brown to medium
brown, smooth, walls somewhat thickened. Conidiophores solitary,
caespitose or in loose to dense fascicles, arising from diffuse
stromatic layers, if arising from the attacked surrounding leaf
tissue erumpent through the cuticle, erect, straight to geniculate-
sinuous, occasionally subnodulose, simple, occasionally branched,
10-140(-185) x 2.5-7(-8) um, often swollen at the very base, 6-12
um wide, 0-5(-7)-septate, sometimes constricted at the septa,
pale olivaceous-brown to medium brown, paler towards the apex,
smooth, walls thickened, up 1.5 ym wide, at the base sometimes
up to 2 um wide. Conidiogenous cells integrated, terminal and

Fig. 10. Cladosporium aecidiicola (B 700006207). Conidiophores arranged in loose or dense fascicles and conidia. Scale bar = 10 um. B. Heuchert del.
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Fig. 11. Cladosporium aecidiicola (B 700006144). A. Loosely fasciculate conidiophores. B. Conidia. C. Conidium as seen with SEM showing the verruculose surface
ornamentation. D. Details of scars on conidiophores and conidia. Scale bars = 5 (C-D), 10 (A-B) pm.

intercalary, 10-67 um long, polyblastic, sympodially proliferating,
1-4 conidiogenous loci per cell, loci sometimes located at small
shoulders formed by sympodial proliferation, protuberant,
thickened and darkened, 1-2.5 um diam. Conidia catenate,
mostly in branched chains, straight, ovoid, ellipsoid, subglobose,
subcylindrical to fusiform, 4-25(-29) x 3-8(-10) um, 0-3-septate,
not or occasionally somewhat constricted at septa, pale olivaceous-
brown, smooth or almost so to verruculose, walls unthickened or
only slightly thickened, apex rounded to subtruncate, with up to two
hila, base truncate to convex, hila protuberant, 1-2(-2.5) ym diam,
thickened and darkened; microcyclic conidiogenesis occurring.

Substrates and distribution: On aecia of rust fungi; Asia,
Caucasus, Europe, North America — on Aecidium carneum on
Astragalus sp. (Sweden), A. cyparissiae on Euphorbia cyparissias
(Germany), A. euphorbiae (Italy, Romania, Ukraine), A. falcariae
on Falcaria sp. (Germany), A. ligustri on Ligustrum vulgare
(Germany), A. lonicerinum on Lonicera xylosteum (Austria),
A. trollii on Trollius sp. (Sweden), Aecidium sp. on Elaeagnus
oxycarpa (Kazakhstan), Aecidium sp. on Euodia sp. (China),
Coleosporium campanulacearum on Campanula sp. (Austria,
Georgia), C. campanulacearum on Campanula rapunculoides
(Austria), on C. tussilaginis on Petasites sp. (ltaly), Melampsora
helioscopiae (Romania), Puccinia agropyrina on Thalictrum minus
(= T collinum) (Kazakhstan), P. circaeae (Romania), P. coronata
(Romania), P. graminis on Berberis sp. (Armenia), P. grindeliae
on Chrysothamnus viscidiflorus var. lanceolatus (USA, UT), P,
passerinii (Ukraine), P. phragmitis (China, UK), P. phragmitis on
Rumex crispus (Kazakhstan), P. smilacearum-digraphidis on
Polygonatum verticillatum (Germany), P. tragopogi (Armenia),
P. violae (Romania), Puccinia sp. on Hordeum chilense (USA),
Tranzschelia pruni-spinosae on Anemone ranunculoides (Austria),
Uromyces lapponicus on Hedysarum kopetdaghi (Turkmenistan),
U. limonii (UK), U. limonii on Limonium sp. (France), U. pisi on
Euphorbia cyparissias (Germany, Romania), Uromyces sp. on
Euphorbia cyparissias (Switzerland), on Uromyces sp. on Limonium
vulgare (Denmark).

Additional general records (host plants), but without specific host
fungi: Berberis vulgaris (Austria, Switzerland), Epilobium hirsutum
(Latvia), Euphorbia cyparissias (Austria, Germany, Hungary,
Italy, Slovakia), E. esula (Romania), E. hirsuta (Latvia), Frangula
alnus (Latvia), Hymenoxys hoopesii (= Helenium hoopesii) (USA,
AZ), Malus xmicromalus (China, Liaoning), Polygonum aviculare
(Uzbekistan), Ribes uva-crispa var. sativa (= R. grossularia)
(Latvia), R. rubrum (Latvia), Salix amygdalina (Latvia), Scorzonera
hispanica (Germany), Silene vulgaris (Latvia), Sonchus arvensis
(Latvia), Tussilago farfara (Latvia).

Additional specimens examined: Austria, Graubiinden, 1000 m, on aecia on
Euphorbia cyparissias (Euphorbiaceae), 13 Jun. 1901, A. Volkart (HBG); Innsbruck,
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on Aecidium lonicerinum on Lonicera xylosteum (Caprifoliaceae), 19 Aug. 1894,
P. Magnus (HBG); on Coleosporium campanulacearum on Campanula sp.
(Campanulaceae), 29 Aug. 1908, P. Magnus (HBG); on Campanula rapunculoides,
P. Magnus (HBG); near Innsbruck, on aecia on Berberis vulgaris (Berberidaceae),
29 Jun. 1893, P. Magnus (HBG); on Uromyces pisi, Jun., Litschauer & Kreissler,
Krypt. Exs. 2938 (B 700006149); Steiermark, Graz, Botanical Garden, Arboretum,
on Tranzschelia pruni-spinosae on Anemone ranunculoides (Ranunculaceae),
24 Apr. 2008, C. Scheuer 5438 (GZU 21-2008, HAL 2233 F); Tirol, on aecia
on Euphorbia cyparissias, 25 Sep. 1893, P. Magnus (HBG); Tirol, Fulpmes, 7
Aug. 1910, P. Magnus (HBG). Denmark, Lakolk, on Uromyces sp. on Limonium
vulgare (Plumbaginaceae), 21 Jul. 1901, O. Jaap (HBG). Germany, Bavaria,
Bad Reichenhall, on aecia on Euphorbia cyparissias, 14 May 1918, Schoenau
(M-0057481); Bavaria, Kr. Schweinfurt, Gerolzhofen, Grettstadt, Hofleinsbach, on
aecia on Scorzonera hispanica (Asteraceae), Jun. 1906, A. Vill, Fungi Bav. 898 (B
700006148); May 1905 (B 700006136); Bavaria, Miinchen, on Aecidium ligustri on
Ligustrum vulgare (Oleaceae), 24 Jun. 1882, Allescher (M-0057479); Munchen,
Petersbrunn, on Aecidium cyparissiae on Euphorbia cyparissias, 1893, Allescher
(M-0057480); Bavaria, Oberfranken, Bayreuth, May 1874, ex herb. Kornicke (B
700006147); Brandenburg, Bérnicke, 1872, J. Eichelbaum (HBG); 29 May 1910,
ex herb. T. Ohrdruf (B 700006155); Rheinland-Pfalz, Kr. Altkirchen, between
Steneroth and Elkenroth, 26 May 1923, A. Ludwig (B 700006207); Saxony, on
Aecidium falcariae on Falcaria sp. (Apiaceae), 27 May 1893, P. Magnus (HBG);
Westfalen, on Puccinia smilacearum-digraphidis on Polygonatum verticillatum
(Asparagaceae), 9 Jul. 1938, A. Ludwig (B 700006152, B 700006153). Hungary,
Posonii, on aecia on Euphorbia cyparissias, Aug. 1890, J.A. Baumler (M-0057487).
Italy, Conegliano, on Aecidium euphorbiae on Euphorbia sp., 1879, Spegazzini,
Dec. Mycol. Ital. 57 (B 700006133); Emilia Romagna, Parma, Langhirano, on aecia
on Euphorbia cyparissias, Apr. 1873, G. Passerini, ex herb. Natter (B 700006132);
Meran, on Coleosporium tussilaginis on Petasites sp. (Asteraceae), 2 Nov. 1893, P.
Magnus (HBG). Romania, Muntenia, distr. Dambovitta-Baadulessti, on Uromyces
pisi, 16 Apr. 1944, T. Savulescu, Herb. Mycol. Roman. 1342 (M-0057486). Slovakia,
Banska-Stiavnica, on aecia on Euphorbia cyparissias, 2 Jun. 1897, A. Kmet (HBG).
Switzerland, Engadin, on aecia on Berberis vulgaris, 22 Aug. 1888, P. Magnus (B
700006143, HBG); Kt. Wallis, Zermatt, 26 Jul. 1905, O. Jaap, Jaap, Fl. Schweiz
17 (B 700006141); on aecia on Euphorbia cyparissias, Jaap, Fl. Schweiz 15 (B
700006140). USA, California, Berkeley, on Puccinia sp. on Hordeum chilense
(Poaceae), 20 Sep. 1897, P. Magnus (HBG); Colorado, Manitou, on aecia, 22. Jun.
1906, Clements & Clements, Crypt. Format. Colorad. 270 (B 700006137).

Notes: Cladosporium aecidiicola is somewhat reminiscent of the
saprobic C. herbarum, but clearly differs in having conidia which
are often distinctly narrowed towards the base and more frequently
formed in branched chains. Furthermore, the conidiophores are
not distinctly nodulose as in the latter species. Cladosporium
epichloés on Epichloé typhina, which is also characterised by
having subnodulose conidiophores and verruculose conidia, is
morphologically barely distinguishable from C. aecidiicola, but
tentatively maintained as separate species due to clear ecological
differences and the host specialization. Final conclusions about the
affinity of the two taxa have to be based on inoculation experiments.

Oudemans (1919-1924) listed Coleosporium sp., Aecidium
falcariae and A. tussilaginis (= Puccinia poarum) as hosts of C.
aecidiicola, but without any further details, and Lindau (1907)
recorded it on Euphorbia palustris, E. verrucosa, Falcaria
sp., Lonicera xylosteum, Teucrium scorodonia, on the host
fungus Coleosporium sp. on Petasites sp. and on Campanula
rapunculoides.
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Fig. 12. Cladosporium agoseridis (HAL 1556 F). Fascicle of conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

3. Cladosporium agoseridis U. Braun & Rogerson, Sydowia
47(2): 142.1995. Figs 12, 13.

Holotype: USA, Utah, Washington Co., northwest side of Pine
Valley Mountain, northeast of Diamond Valley, vicinity of Mud
Spring, on living leaves of Agoseris glauca (Asteraceae), 7 Jun.
1994, C.T. Rogerson (NY). Isotype: HAL 1556 F.

Lit.: Schubert (2005b: 34).
Ill.: Braun & Rogerson (1995: 143, fig. 1), Schubert (2005b: 35, fig.
3, pl. 1, figs A-G).

In vivo: Leaf spots amphigenous, subcircular or somewhat
irregular, 1-8 mm diam or confluent and larger, greyish brown,
often somewhat zonate, surrounded by a narrow, darker margin
or marginal line, necrotic. Colonies amphigenous, punctiform
to subeffuse, brown, somewhat velvety. Mycelium internal,
subcuticular to intraepidermal; hyphae branched, 3-13 um wide,
septate, often with swellings and constrictions, pale to medium
olivaceous-brown, smooth, walls thickened, forming small to
moderately large aggregations of inflated hyphal cells, 25-100
um wide, flattened, only few layers deep, cells subglobose to
cylindrical-oblong, 5-15 pm wide, medium olivaceous-brown,
smooth, thick-walled. Conidiophores solitary, in small loose
groups or often loosely fasciculate, arising from internal hyphae
or hyphal aggregations, erumpent through the cuticle, straight
and subcylindrical to somewhat flexuous, geniculate-sinuous,
unbranched, occasionally once branched, 20-90(-110) x (3-)4—
10(-13) pm, 0—4-septate, often somewhat constricted at the basal
septum, often wider and somewhat swollen at the base, up to 15
pm wide, and attenuated towards the apex, pale yellowish, pale
to medium olivaceous-brown or brown, smooth, walls somewhat
thickened, cells sometimes with distinct, clearly delineated
lumen. Conidiogenous cells integrated, terminal and sometimes
intercalary, cylindrical, 14-55 um long, often somewhat geniculate,
usually with a single or up to three, rarely four conidiogenous loci,
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Fig. 13. Cladosporium agoseridis (HAL 1556 F). A. Symptoms. B. Fascicle of
conidiophores. C. Tip of a conidiophore with attached conidium. D. Conidium. E.
Conidium showing surface ornamentation. F. Tip of a conidiophore with still attached
conidia. G. Small fascicle of conidiophores. Scale bars = 10 (C-F), 20 (B, G) um.

conspicuous, protuberant, obconically truncate to slightly convex,
2-3.5(-4.5) um diam, dome and surrounding rim relatively flat,
dome not higher than the surrounding rim, somewhat thickened,
darkened-refractive. Conidia catenate, usually in unbranched
chains, occasionally in branched chains, broadly subglobose,
obovoid, ellipsoid-ovoid, subcylindrical or somewhat clavate, (10-)
12-40(-50) x (5-)6-13(-15) pm, 0-1(-3)-septate, pale yellowish,
olivaceous to brown, loosely to densely verruculose or verrucose,
sometimes almost smooth, walls somewhat thickened, lumen
sometimes distinct, clearly separated from the inner wall, apex
rounded or slightly attenuated, hila obconically truncate to slightly
convex, conspicuous, (1.5-)2-3.5(-4.5) pm diam, somewhat
thickened and darkened-refractive; conidia sometimes germinating
but microcyclic conidiogenesis not observed.

Substrate and distribution: On Agoseris glauca; USA.

Notes: Cladosporium agoseridis belongs to a group of leaf-spotting
species forming fasciculate, relatively broad conidiophores, broad
conidiogenous loci and hila and rather large, above all wide conidia.
Other plant pathogenic Cladosporium species on composites
are well distinguished by having quite distinct lesions, narrower
conidiophores [3-7 pm in C. inopinum; (2.5-)3.5-6(-7) ym in C.
praecox], narrower conidia [2.5-6 pm in C. inopinum; 4—7(-8) um in
C. praecox] and narrower conidiogenous loci and hila [(1-)1.5-2.5
pm in C. praecox]. Arecord of Cladosporium sp. on Agoseris glauca
from Washington (Shaw 1973) seems to pertain to C. agoseridis.

49



BENSCH ET AL.

Fig. 14. Cladosporium allicinum (CPC 12211). Macro- and micronematous
conidiophores and conidia in vitro. Scale bar = 10 um. K. Bensch del.

4. Cladosporium allicinum (Fr. : Fr.) Bensch, U. Braun &
Crous comb. nov. MycoBank MB800304. Figs 14-17.
Basionym: Sphaeria allicina Fr., Kongl. Vetensk. Acad. Handl. 38:

247.1817 : Fr., Syst. Mycol. 2: 437. 1823.

= Sphaerella allicina (Fr. : Fr.) Auersw., in Gonn. & Rabenh., Mycol.
Europaea 5-6: 19. 1869.
= Davidiella allicina (Fr. : Fr.) Crous & Aptroot, in Aptroot, Mycosphaerella
and its anamorphs: 2. Conspectus of Mycosphaerella. Biodiversity Ser.
5: 30. 2006.

= Hormodendrum hordei Bruhne, in W. Zopf, Beitr. Physiol. Morph. nied. Org.

4:1.1894, non C. hordei Pass., 1887.
= Cladosporium herbarum & cerealium f. hordei (Bruhne) Ferraris, Flora
Ital. Crypt., Pars |, Fungi, Fasc.13: 882. 1914.
= Cladosporium bruhnei Linder, Bull. Natl. Mus. Canada 97: 259. 1947.
= Cladosporium hordei (Bruhne) Pidopl., Gribnaya Flora Grubykh
Kormov: 268. 1953, nom. illeg., homonym, non C. hordei Pass., 1887.

Holotype: Sweden, Skane, on tip blight of living leaves of Allium
sp. (Amaryllidaceae) (Fr. no. F-09810, UPS-FRIES). Neotype
of Cladosporium bruhnei (designated in Schubert et al. 2007b):
Belgium, Kampenhout, isol. from Hordeum vulgare (Poaceag),
26 June 2005, J.Z. Groenewald (CBS H-19856). Isoneotype: HAL
2023 F. Ex-type cultures: CBS 121624 = CPC 12211, CPC 12212.

= Cladosporium fasciculatum f. gladioli Roum., Fungi Sel. Gall. Exs., Cent. XII,
No. 1158. 1881, nom. nud. [syntypes: e.g., HBG], syn. nov.

= Cladosporium juncicola [‘juncicolum) Niessl, in herb. [M-0057609], syn.
nov.

Lit.: Saccardo (1899: 1076), Linder (1947: 289), Schubert et al.
(2007b: 118-120).

Ill.: Linder (1947: 289, pl. 14, fig. C), Schubert et al. (2007b: 118-
120, figs 9-12).

Exs.: Ellis & Everhart, Fungi Columb. 163 p.p.; Roumeguére, Fungi
Sel. Gall. Exs. 1158.

In vitro: Ascomata pseudothecial, black, superficial, situated on a
small stroma, globose, up to 250 ym diam; ostioles periphysate,
with apical periphysoids present; wall consisting of 3-6 layers
of reddish brown textura angularis. Asci fasciculate, bitunicate,
subsessile, obovoid to broadly ellipsoid, straight to slightly curved,
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Fig. 15. Cladosporium allicinum (CPC 12211). A. Conidiophore with characteristic
long secondary ramoconidium and complex conidiophore. B. Detail of hila on
secondary ramoconidia. C. Details of prominent ornamentation on conidia. Scale
bars =2 (B), 5 (C), 10 (A) um.

8-spored, 65-90 x 16-25 um; with pseudoparenchymatal cells
of the hamathecium persistent. Ascospores tri- to multiseriate,
overlapping, hyaline, with irregular lumina, thick-walled, straight
to slightly curved, fusoid-ellipsoidal with obtuse basal end, and
acutely rounded apical end, widest near the middle of the apical
cell, medianly 1-septate, not to slightly constricted at the septum,
(20-)25-27(-30) x (5.5-)6-7 ym. Mycelium superficial, hyphae
branched, 1.5-8 ym wide, pluriseptate, broader hyphae usually
slightly constricted at the septa and somewhat swollen, hyaline to
subhyaline, almost smooth to somewhat verruculose or irregularly
rough-walled, sometimes appearing to have a slime coat, walls
unthickened. Conidiophores macronematous, sometimes also
micronematous, arising as lateral or terminal branches from
plagiotropous or ascending hyphae, erect, straight to more or less
flexuous, sometimes geniculate, nodulose, usually with small head-
like swellings, sometimes also with intercalary nodules, sometimes
swellings protruding and elongated to one side, unbranched,
occasionally branched, (7-)20-330 pym, sometimes even longer,
(2-)3-5 pm wide, swellings (4-)5-8 um wide, pluriseptate, not
constricted at the septa, septa sometimes not very conspicuous,
subhyaline to pale brown or pale olivaceous, smooth or somewhat
verruculose, walls unthickened or almost so, more thickened
with age. Conidiogenous cells integrated, usually terminal,
cylindrical with a terminal head-like swelling, sometimes with a
second swelling, 15-40 pm long, proliferation sympodial, with few
conidiogenous loci confined to swellings, up to five per swelling,
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Fig. 16. Cladosporium allicinum (F-09810, UPS-FRIES, holotype). Ascus and
ascospores of the teleomorphic state. Scale bar = 10 um. P.W. Crous del.

loci protuberant, conspicuous, 1-2 um diam, thickened and
darkened-refractive. Conidia catenate, formed in branched chains,
straight to slightly curved, small terminal conidia subglobose, ovoid
to obovoid or somewhat limoniform, 4-9 x 2.5-3.5 ym [av. + SD,
6.5 (£ 1.5) x 3.1 (x 0.5) um], aseptate; secondary ramoconidia
and occasionally formed ramoconidia ellipsoid to subcylindrical
or cylindrical, 10-24(-31) x 3-5(-7) ym [av. £ SD, 16.1 (+ 4.1)
x 4.1 (£ 0.8) um], rarely up to 40 ym long, 0-1(-3)-septate, very
rarely 5-septate, subhyaline to pale brown or pale olivaceous,
minutely verruculose to verrucose (mostly granulate with some
muricate projections under SEM), walls unthickened or almost so,
apex rounded or slightly attenuated towards apex and base, hila
protuberant, conspicuous, 1-2 um wide, up to 1 ym high, thickened
and darkened-refractive; microcyclic conidiogenesis occurring.

In vivo: Agreeing with the features in vitro, but mycelium usually
immersed and conidiophores solitary to fasciculate, arising from
immersed hyphae or swollen hyphal cells, stromata usually absent.

Culture characteristics: Colonies on PDA reaching 22-32 mm diam
after 14 d at 25 °C, olivaceous grey to iron grey, sometimes whitish,
smoke grey to pale olivaceous due to abundant aerial mycelium

Fig. 17. Cladosporium allicinum (CPC 12211). A-B. Macronematous conidiophores. C. Conidial chains. D. Micronematous conidiophore. E. Ascomata of the teleomorphic state
formed on the host. F-G. Asci. Scale bars = 10 (A-B, D, F), 200 (E) pm.
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covering almost the whole colony, with age collapsing becoming
olivaceous grey, occasionally zonate, velvety to floccose, margin
narrow, entire edge, white, glabrous to somewhat feathery, aerial
mycelium sparse to abundant, white, fluffy, growth regular, flat to
low convex, sometimes forming few exudates in the colony centre,
sporulating. Colonies on MEA reaching 21-32 mm diam after 14
d at 25 °C, grey olivaceous, olivaceous grey to dull green or iron
grey, sometimes whitish to pale smoke grey due to abundant aerial
mycelium, olivaceous grey to iron grey reverse, velvety, margin
narrow, entire edge to slightly undulate, white, radially furrowed,
glabrous to slightly feathery, aerial mycelium sparse to abundant,
mainly in the centre, white, fluffy, growth convex to raised, radially
furrowed, distinctly wrinkled in the colony centre, without prominent
exudates, sporulating. Colonies on OA reaching 20-32 mm diam
after 14 d at 25 °C, smoke grey, grey olivaceous to olivaceous grey,
greenish black or iron grey reverse, margin narrow, entire edge,
colourless to white, glabrous, aerial mycelium sparse to abundant,
dark smoke grey, diffuse, high, later collapsed, felty, growth flat,
without prominent exudates, sporulation profuse.

Substrates and distribution: On living and decaying plant and fungal
material, man, air, hypersaline and industrial water; worldwide.

Additional specimens examined: Sine loco et dato (CBS 188.54 = ATCC 11290
= IMI 049638). Australia, New South Wales, Barrington Tops National Park,
isol. from leaves of Eucalyptus stellulata (Myrtaceae), 3 Jan. 2006, B. Summerell,
(CPC 12921). Austria, Zillertal, on dead leaves of Hordeum sp., 9 Aug. 1906, P.
Magnus (HBG), mixed with C. macrocarpum. Belgium, isol. from Quercus robur
(Fagaceae), (CBS 157.82). Czech Republic, Lisen, isol. from Polygonatum
odoratum (Asparagaceae) (CBS 813.71, albino mutant of CBS 812.71). France,
Perpignan, on old leaves of Gladiolus xgandavensis (lridaceae), Dec. 1879,
Roumeguere, Fungi Gall. Sel. Exs. 1158 (B). Germany, CBS 134.31 = ATCC 11283
= IMI 049632; Berlin, park, on dead leaves of Hedera helix (Araliaceae), 19 June
1896, P. Magnus (HBG); Nordrhein-Westfalen, Essen, botanical garden, on dead
Nigella damascena (Ranunculaceae), 10 Jul. 2007, N. Ale-Agha (HAL); Mihlheim
an der Ruhr, isol. from industrial water, INWW 727 (CBS 110024); Sachsen-Anhalt,
Halle (Saale), Robert-Franz-Ring, isol. from leaves of Tilia cordata (Tiliaceae),
2004, K. Schubert (CPC 11386). Italy, South Tirol, Marling near Meran, on dead
leaves of Arrhenatherum elatius (Poaceae), 29 Aug. 1911, P. Magnus (HBG);
Seir, on dead leaves of Sesleria sp. (Poaceae), 19 Aug. 1908, P. Magnus (HBG).
Netherlands, isol. from air (CBS 521.68); isol. from Hordeum vulgare (Poaceag),
1 Jan. 2005, P.W. Crous (CPC 12139); isol. from man, skin (CBS 159.54 = ATCC
36948); Amsterdam, isol. from Thuja tincture (CBS 177.71); Geleen, St. Barbara
Ziekenhuis, isol. from man, skin (CBS 366.80, CBS 399.80); isol. from man, sputum,
Aug. 1955 (CBS 161.55). New Zealand, Auckland, Mt. Albert, Harbutt Ave., on dead
leaves of Cortaderia selloana (Poaceae), 23 Sep. 2007, C.F. Hill 2007/2954 (HAL);
Otago, Lake Harris, isol. from Ourisia macrophylla (Plantaginaceae), 30 Jan. 2005,
A. Blouin, Hill 1135 (CPC 11840). Poland, Biatowieza national Park, on dead leaves
of Tilia cordata, 27 Oct. 1992, W. Mutenko (LBL). Russia, Moscow region, isol.
from Polyporus radiatus (Polyporaceae), Oct. 1978 (CBS 572.78 = VKM F-405);
St. Petersburg, Botanical Garden of the Komarov Botanical Institute, on necrotic
segments of leaves of Actinidia arguta (Actinidiaceae), 14 Sep. 2009, V.A. Mel'nik
(HAL 2329 F). Slovenia, Ljubljana, isol. from an air conditioning system, 2004,
M. Butala (EXF-680 = CPC 12046); Secovlje, isol. from hypersaline water from
salterns (reserve pond), 2005, P. Zalar (EXF-389 = CPC 12042). Spain, Ebro Delta,
isol. from hypersaline water from salterns (crystallisation pond), 2004, P. Zalar (EXF-
594 = CPC 12045). Switzerland, Graubtnden, 980 m, on dead leaves of Dianthus
caryophyllus (Caryophyllaceae), 5 Nov. 1900, A. Volkart (HBG); Simplonhospiz,
2010 m, on dead leaves of Homogyne alpina (Asteraceae), 29 Jul. 1905, O. Jaap
(HBG). USA, New Jersey, Vineland, on necrotic parts of leaves of Hedera helix, Apr.
1893, Ellis & Everhart, Fungi Columb. 163 (HBG); New York, Geneva, isol. from
CCA-treated Douglas-fir pole (CBS 115683 = ATCC 66670 = CPC 5101).

Notes: Based on the recently decided abolition of Art. 59 of the
ICBN, the older teleomorph name Sphaeria allicina has priority
over the anamorph name C. bruhnei, and Cladosporium antedates
Davidiella. Therefore, the combination Cladosporium allicinum
(= C. bruhnei) is introduced. This species belongs to the C.
herbarum complex, as already stated by Linder (1947), but differs
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from C. herbarum s. str. and C. macrocarpum in having consistently
narrower conidia, usually 2.5-5 ym wide, and the conidiophores
often form only a single apical swelling. Although this species
occurs on numerous substrates and is widely distributed, it has
not yet been recognised as a distinct species since it has probably
been interpreted as a narrow variant of C. herbarum. Based on
morphology and DNA sequence data, the CBS strain CBS 177.71
chosen by Prasil & de Hoog (1988) as representative living strain of
C. herbarum, clusters instead with isolates of C. allicinum. The CBS
strain 813.71 is an albino mutant of the latter species as it does not
appear to contain colour pigment. Furthermore, all isolates from
humans treated until now as C. herbarum proved to be conspecific
with the narrow-spored C. allicinum.

Aptroot (2006) treated Davidiella tassiana (ascospores
17-25 x 6-8.5 pm, RO), the teleomorph name of Cladosporium
herbarum, as a synonym of D. allicina (ascospores 20-27 x 6-7
um, UPS). However, the teleomorphs of the two species differ in
apical ascospore taper (acutely rounded in D. allicina, but obtusely
rounded in D. tassiana).

5. Cladosporium allii (Ellis & G. Martin) P.M. Kirk & J.G.

Crompton, PI. Pathol. 33: 320. 1984. Figs 18, 19.
Basionym: Heterosporium allii Ellis & G. Martin, J. Mycol. 1: 100.
1885.

Fig. 18. Cladosporium allii (NY). Fascicle of conidiophores, conidiogenous cells and
conidia in vivo. Scale bar = 10 um. U. Braun del.
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Fig. 19. Cladosporium allii (CBS 101.81). A-H. Conidiophores and conidial chains in vitro. Scale bars = 10 um.

Neotype: USA, New Jersey, on Allium vineale (Amaryllidaceae),
June 1882, Ellis 3608a (NY), selected by Kirk & Crompton, 1984
[the neotype is topotype material (the true type material was
collected in Aug. 1883)].

= Heterosporium ornithogali var. allii-porri Sacc. & Briard, Rev. Mycol. 8: 25.
1886 [holotype: PAD].
= Heterosporium allii var. allii-porri (Sacc. & Briard) Sacc., Syll. fung. 4:
488. 1886.
= Heterosporium allii-porri (Sacc. & Briard) Nicolas & Aggéry, Rev. Pathol.
Vég. Entomol. Agric. France 14: 197. 1927.
= Heterosporium allii-porri (Sacc. & Briard) Arx, Genera Fungi Sporul.
Pure Culture, Ed. 3: 305. 1981, comb. superfl.
= Cladosporium allii-porri (Sacc. & Briard) Boerema, Verslagen Meded.
Plantenziektenk. Dienst Wageningen 152: 15. 1978 [“1977"].
= (?) Didymellina intermedia Cif., Not. Matatt. Piante 2: 6-7. 1949
(unconfirmed).
= Heterosporium allii var. allii-sativi Bontea & Dumitriag, Rev. Roumaine Biol.,
Sér. Bot., 12(6): 389. 1967 [isotypes: Savulescu, Herb. Mycol. Roman. 1749,
e.g. IMI 115600, K].

Lit.: Saccardo (1902: 1065), Lindau (1910: 77), CMI Descriptions
of Pathogenic Fungi and Bacteria No. 841 (1986). Kirk (1986a),
Jordan, Burchill & Maude (1990a,b), Jordan, Maude & Burchill
(1990a,b), David (1997: 29-33), Ho et al. (1999: 116-118), Zhang
et al. (2003: 38-40).

lll: CMI Descriptions of Pathogenic Fungi and Bacteria No. 841
(1986: figs A-B), Kirk & Crompton (1984: 321, fig. 3), David (1997:
31, fig. 4, 32, fig. 5 A-C), Zhang et al. (2003: 39, fig. 13 and pl. 5,
fig. 3, pl. X, fig. 1).

Exs.: Reliqu. Farlowianae 177; Savulescu, Herb. Mycol. Roman. 1749.

In vivo: Leaf spots lacking (fruiing on necrotic leaves) or
amphigenous, ellipsoid-fusiform, oblong, with the long axis
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parallel to the leaf veins, 5-25 x 2-15 mm, initially yellowish,
ochraceous, later brown, greyish brown or dingy greyish white,
margin indefinite or with a diffuse paler to darker halo. Colonies
amphigenous, punctiform to confluent, dense, medium to dark
brown. Mycelium immersed. Stromata lacking to well-developed,
10-80 pm diam, immersed, brown, composed of swollen hyphal
cells, 3-20 pm diam, thick-walled. Conidiophores solitary or in
small to large, dense fascicles, arising from internal hyphae or
stromata, erumpent, erect, straight, subcylindrical to moderately
geniculate-sinuous or subnodulose, unbranched, 30-120(-160) x
4-10 um (up to 600 um or even longer in culture or moist chamber),
continuous to pluriseptate, uniformly pale olivaceous, olivaceous-
brown or ochraceous-brown, smooth to distinctly verruculose, wall
up to 1 um wide. Conidiophores reduced to conidiogenous cells or
conidiogenous cells integrated, terminal or intercalary, 10-60 um
long, conidiogenous loci distinctly coronate, protuberant, peg-like,
1-2 per cell, 2-2.5(-3) ym wide, 1-2 pm high. Conidia solitary or
in simple, rarely branched, short chains, formed on relatively long,
thin, neck-like protuberances that eventually form a septum and
turn to peg-like scars after conidial secession, ellipsoid-ovoid,
obovoid, subcylindrical, finally often soleiform, (15-)20-60(-80)
x (5-)7-15(-17) um, 0-3-septate (in culture and moist chamber
sometimes up to five septa), barely constricted at septa, septa
often becoming sinuous with age, pale olivaceous-brown to brown,
wall up to 1 um wide, one-layered, densely verruculose-verrucose,
ends rounded, hila conspicuously coronate, either rather flat or
distinctly protuberant, peg-like, 1.5-2.5(-3) x 1-1.5 ym.

In vitro: Mycelium dimorphic; hyphae narrow, sparingly branched,

1-2 ym wide, septate, septa very pale, not very conspicuous,
hyaline to subhyaline or very pale olivaceous, smooth or almost
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so or somewhat irregularly rough-walled, walls unthickened, giving
rise to micronematous conidiophores. Second type of hyphae wider
and darker, unbranched or sparingly branched, (3-)4-8 um wide,
with swellings and constrictions especially at septa, swellings up to
10 uym wide, pale to medium olivaceous-brown, smooth or almost
s0, walls somewhat thickened, about 0.5 um wide, giving rise to
macronematous conidiophores. Macronematous conidiophores
solitary, arising terminally or laterally from plagiotropous or ascending
hyphae, erect, straight to somewhat flexuous, subcylindrical,
nodulose, with a single apical swelling or sometimes with additional
nodules at a lower level, unbranched, occasionally branched
towards the apex, 40-240 x 4-8(-9) um, pluriseptate, occasionally
slightly constricted at septa, pale to medium olivaceous-brown,
smooth or almost so, walls unthickened or only slightly thickened.
Micronematous conidiophores arising terminally and laterally from
hyphae, somewhat flexuous, narrowly cylindrical-oblong or filiform,
non-nodulose or only subnodulose at or towards the apex, 5-100
x 2-3(-4) um, 0—4-septate, septa not constricted but somewhat
darkened, subhyaline to pale olivaceous, smooth, sometimes
verruculose towards the apex, walls unthickened. Conidiogenous
cells terminal but also intercalary, cylindrical-oblong, sometimes
distinctly geniculate, with subnodulose or nodulose apices and
one or several additional swellings at a lower level, 19-60 um long,
conidiogenous loci confined to these swellings being situated on
shoulders, 1.5-2.5 ym diam, thickened and darkened-refractive.
Ramoconidia occasionally formed. Conidia numerous, catenate, in
short unbranched or branched chains, with 2—4(-5) conidia in the
unbranched terminal part of the chain, small terminal conidia broadly
obovoid to ellipsoid, 5-13 x (3.5-)4-6(-6.5) ym [av. £ SD, 9.3 (¢
24) x 5.0 (£ 0.9) ym], 0(-1)-septate, intercalary conidia ellipsoid,
ovoid to subcylindrical, 9-17 x 5-7.5 pm [av. £ SD, 13.1 (£ 2.2) x 6.1
(£ 0.8) um], 0-1-septate, secondary ramoconidia broadly ellipsoid
to subcylindrical, sometimes obclavate being narrower at the base,
sometimes irregular in outline due to loci being situated on short
lateral outgrowth or lateral shoulders, 14-28(-35) x (4.5-)6-9(10)
pm [av. £ SD, 22.1 (£ 5.1) x 7.2 (¢ 1.3) ym], 0-2(—4)-septate, septa
not very conspicuous, with age becoming curved or sinuous, pale
to medium or even dark olivaceous-brown, verruculose to distinctly
and densely verrucose, thick-walled, due to ornamentation up to
1.5 um thick, apex rounded or attenuated towards the base, hila
prominent, conspicuous, (1-)1.5-2.5 um diam, dome quite flat but
rim protuberant, thickened and darkened-refractive; microcyclic
conidiogenesis commonly occurring with conidia giving rise to
nodulose secondary conidiophores; conidia sometimes germinating.

Culture characteristics: Colonies on PDA olivaceous-grey to iron-
grey, reverse olivaceous-black, velvety to floccose, somewhat
shiny, margins rhizoid, grey-olivaceous, aerial mycelium floccose,
loose to dense, growth flat, without prominent exudates, sporulating.
Colonies on MEA iron-grey to olivaceous-grey, reverse olivaceous-
black, velvety to floccose, margins feathery to rhizoid, olivaceous-
black, aerial mycelium scattered, loose to dense, floccose, growth
effuse, without prominent exudates, sporulation profuse. Colonies
on OA grey-olivaceous to olivaceous-grey, reverse leaden-grey to
iron-grey, velvety to floccose, margin grey-olivaceous, feathery,
regular, aerial mycelium loose to more dense, floccose, growth flat,
without prominent exudates, sporulation profuse.

Substrates and distribution: On Allium spp. (Amaryllidaceae);
Asia, Caucasus, Europe, North and South America, New Zealand
— Allium ampeloprasum (Canada), A. canadense (USA, MD, MS,
NY, PA, TX, WI), A. cernuum (USA, WY), A. fistulosum (China), A.
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oleraceum (Latvia), A. porrum (France, Netherlands, New Zealand,
UK, USA, PA), A. sativum (Brazil, China, Denmark, India, Romania),
A. schoenoprasum [incl. A. sibiricum] (Norway), A. scorodoprasum
(China), A. stellatum (USA), A. validum (USA, CA, OR), A. vineale
(USA, DE, IL, NJ, TX), Allium spp. (Armenia, Austria, Belgium,
Canada, Czech Republic, Denmark, France, Georgia, Germany,
Greece, Japan, Kazakhstan, Latvia, Norway, Romania, Russia,
UK, Ukraine).

Additional specimens examined: Netherlands, Limburg, Horst, experimental
garden, isol. from Allium porrum, isol. by G.H. Boerema, CBS H-10337 (CBS 101.81
= ATCC 200948 = PD 80/165, reference strain). Norway, Finnmark Co., Loppa,
Vasbotndalen in @ksfjord, on Allium schoenoprasum (A. sibiricum), 22 Aug. 1968,
H.B. Gjaerum (IMI 159610). UK, without locality, on A. porrum, 12 Mar. 1980, A.L.
Smith (IMI 246076); Oxfordshire, 4 Feb. 1981, J.A. Crompton (IMI 255145).

Notes: Allium cepa has occasionally been reported as host of C.
allii. Such records are, however, wrong and undoubtedly pertain to
C. allii-cepae (David 1997). Cladosporium allii-cepae is comparable
with C. allii but easily distinguishable by its much larger conidia. The
record of Kniphofia uvaria (Xanthorrhoeaceae) as host of C. allii by
Oudeman (1919) is very doubtful. Chinese records of C. allii on A.
ascalonicum probably refers to C. allii-cepae. Allium escalonicum
auct. non L. is a name previously applied to shallots. Since in vitro
the conidia of C. allii are shorter, narrower and not soleiform the
species is reminiscent of C. macrocarpum but genetically the two
species are quite distinct (see Fig. 5).

6. Cladosporium allii-cepae (Ranoj.) M.B. Ellis, More
Dematiaceous Hyphomycetes: 337. 1976. Fig. 20.

Basionym: Heterosporium allii-cepae Ranoj., Ann. Mycol. 8: 399.
1910.

Holotype: Serbia, Sumadija, Rebschule von Veliko Oraschje, on
stems of Allium cepa (Amaryllidaceae), June 1905, N. Ranojevic
(BP11108762).

= (?) Heterosporium allii var. cepivorum Nicolas & Aggéry, Rev. Pathol. Vég.
Entomol. Agric. France 14: 197. 1927.
= Mycosphaerella alli-cepae M.M. Jord., Maude & Burchill, Trans. Brit. Mycol.
Soc. 86: 392. 1986.
= Davidiella allii-cepae (M.M. Jord., Maude & Burchill) Crous & U. Braun,
Mycol. Progr. 2(1): 10. 2003.

Lit.: Saccardo (1913a: 1388), Ellis (1976: 337), Hall & Kavanagh
(1984, 1985), Ellis & Ellis (1985: 305), CMI Descriptions of
Pathogenic Fungi and Bacteria No. 842 (1986), Kirk (1986b),
Jordan, Burchill & Maude (1990a,b), Jordan, Maude & Burchill
(1986, 1990a,b), David (1997: 33-34), Zhang et al. (2003: 40-42).
lll.: Ellis (1976: 336, fig. 255), Kirk & Crompton (1984: 322, fig. 4,
323, fig. 5), Ellis & Ellis (1985: pl. 129, fig. 1343), CMI Descriptions
of Pathogenic Fungi and Bacteria No. 842 (1986: figs A-B). Shin
(1995: 92: fig. 1 a—d), David (1997: 32, fig. 5 D-G, 35, fig. 6), Kiehr
et al. (1997), Zhang et al. (2003: 41, fig. 14 and pl. 5, fig. 4).

Exs.: Vestergren, Micromyc. Rar. Sel. Praec. Scand. 1798.

In vivo: Leaf spots on living and faded leaves and stems, more
or less elliptical, with the long axis parallel to the leaf veins, up
to 15 x 5 mm, whitish, yellow, ochraceous, later brownish due to
the developing fungal colonies. Colonies mainly hypophyllous,
punctiform to dense, pale to medium brown. Mycelium internal,
hyphae forming loose to dense stromatic aggregations of swollen
hyphal cells, small to expanded, cells subcircular in outline, up
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Fig. 20. Cladosporium alli-cepae (BPI 1108762). Fascicle of conidiophores,
conidiophores, conidiogenous cells and conidia in vivo. Scale bar = 10 pm. U.
Braun del.

to 20 pym diam, brown, wall somewhat thickened. Conidiophores
solitary to caespitose, loose to dense, erect, straight, subcylindrical
to geniculate-sinuous, usually not torulose-nodulose, at most cells
slightly swollen by constrictions at septa, usually unbranched,
rarely branched, 60-150(-250) x 4-19 um, pluriseptate, rather
pale to medium olivaceous or brownish, walls thickened, 0.5-
2.5 pym wide, thicker walls in the lower half sometimes distinctly
two-layered, smooth or occasionally faintly rough-walled.
Conidiogenous cells integrated, terminal, 10-60 um long, straight,
curved to sinuous, but barely geniculate, apex mostly rounded,
sympodial, occasionally enteroblastically proliferating, usually with
1-3 conidiogenous loci per cell, conspicuous, but barely or only
slightly protuberant, 2-5 ym wide, 1-1.5 ym high, periclinal rim not
very evident. Conidia solitary, occasionally in short chains, broadly
ellipsoid-ovoid, soleiform, subcylindrical, 30-90(-120) x 12-20
pm, (0-)1-2(-3)-septate, septa often somewhat curved to sinuous
with age, usually not constricted at septa or only slightly so, very
pale to pale olivaceous, olivaceous-brown or brown, wall thin to
slightly thickened, 0.5-1.5 pm, densely verruculose-verrucose,
ends rounded, sometimes becoming truncate to concave at the
base with age, hila 2-4 um wide, 1 ym high, not very protuberant,
somewhat darkened-refractive.
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Substrates and distribution: On Allium spp. (Amaryllidaceae); Asia,
Europe, North and South America — Allium cepa (Argentina, Brazil,
Canada, Chile, China, Denmark, France, Greece, India, Ireland,
Japan, Korea, Norway, Peru, Serbia, UK, USA, CA, CO, WA), A.
fistulosum (China, Korea, Norway).

Additional specimens examined: India, Kashmir, Lalmandi, Agric. Res. Station, on
Allium cepa, 9 Aug. 1957, T.N. Kaul (IMI 69995). Ireland, Dublin, on Allium cepa, 26
May 1976, E.W. Ryne (IMI 228272).

Notes: Cladosporium allii differs from C. allii-cepae by its much
smaller conidia. Zhang et al. (2003) listed Allium ascalonicum
as host of the latter species from China, which is, however, very
probably wrong as A. escalonicum auct. non L. has previously often
been applied to shallots. The record of Allium sibiricum from India,
Kashmir as host of C. alli-cepae (Ellis 1976) is also wrong and
undoubtedly refers to the IMI specimen cited above, in which the
host proved to be A. cepa. Kiehr et al. (1997) recorded this species
from Argentina and summarised its distribution in South America,
including a list of literature references.

7. Cladosporium alneum Pass. ex K. Schub.,

Schlechtendalia 14: 56. 2006. Figs 21, 22.

= Cladosporium alneum Pass., in herb.

Holotype: Italy, Emilia Romagna, Parma, on living leaves of Alnus
glutinosa (Betulaceae), 1879, G. Passerini (B 700006156).

Lit.: Schubert (2005b: 35-37).
Ill.: Schubert (2005b: 37, fig. 4, pl. 2, figs A-C), Schubert et al.
(2006: 57, fig. 1, pl. 1, fig. A).

Fig. 21. Cladosporium alneum (B 700006156). Symptoms, conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

55



BENSCH ET AL.

Fig. 22. Cladosporium alneum (B 700006156). A. Symptoms. B. Overview, small, loose group of conidiophores. C. Tip of a conidiophore with several somewhat darkened
conidiogenous loci. Scale bars =10 (C), 20 (B) pum.

In vivo: Leaf spots amphigenous, subcircular, oval to somewhat
irregular in outline, scattered over the whole leaf surface, extending
and often confluent, becoming oblong-irregular, 1-30 mm long,
1-13 mm wide, pale brownish, ochraceous or clay-coloured,
becoming grey-brown or olivaceous-brown by dense fructification,
mostly without margin, occasionally with a narrow, irregular, pale
to medium reddish brown margin, affected areas turning fragile
and finally forming shot hole symptoms. Colonies amphigenous,
scattered to subeffuse, loosely caespitose, brown, villose.
Mycelium internal, subcuticular to intra-epidermal, sometimes also
external, growing superficially; hyphae unbranched or sparingly
branched, 3-9 um wide, septate, sometimes slightly constricted
at the septa, pale to medium olivaceous-brown or medium brown,
smooth, walls somewhat thickened, forming swollen hyphal cells,
subglobose, 7-13 pm wide, medium brown or medium olivaceous-
brown, smooth, thick-walled. Stromata usually absent, sometimes
developed, small, up to 30 ym diam, composed of swollen hyphal
cells. Conidiophores solitary, in pairs of two or sometimes in loose
groups, arising from swollen hyphal cells, erumpent, sometimes
arising from internal and external hyphae, lateral and terminal,
erect, straight to somewhat flexuous, sometimes slightly geniculate-
sinuous and subnodulose towards the apex, unbranched, 25-260
x (2-)3-7(-8.5) um, pluriseptate, pale to usually pale medium
brown or medium brown, paler towards the apex, sometimes
subhyaline, smooth to somewhat asperulate, especially near the
base, walls thickened, one-layered or two-layered, inner wall not
very conspicuous, 0.5-1 um wide, usually attenuated towards
the apex, sometimes slightly swollen at the base, up to 10 uym

56

wide, protoplasm of the cells somewhat aggregated at the septa,
appearing to be thickened, similar to distoseptation. Conidiogenous
cells integrated, terminal and intercalary, cylindrical-oblong, 9-46
pm long, proliferation sympodial, with several or even numerous
conidiogenous loci, sometimes situated on small lateral shoulders
or crowded at small multilateral swellings but not confined to them,
protuberant, short cylindrical, subdenticulate, (0.5-)1-2(-2.5)
pm diam, thickened, refractive to somewhat darkened. Conidia
catenate, usually in branched chains, subglobose, ovoid, ellipsoid-
ovoid, subcylindrical to cylindrical, 3-23 x 2.5-6 pym, 0-3-septate,
sometimes slightly constricted at the septa, pale brown or
pale olivaceous, sometimes almost subhyaline, smooth, walls
somewhat thickened, apex rounded or with a single or several hila,
slightly attenuated towards the base, hila protuberant, 0.5-2(-2.5)
um diam, obconically truncate, thickened, refractive to somewhat
darkened; microcyclic conidiogenesis occurring.

Substrate and distribution: On Alnus glutinosa; ltaly.

Notes: Cladosporium alneum is morphologically very close to C.
oncobae, described from New Zealand on Oncoba, but differs in
having deviating lesions and conidiophores with somewhat thinner
walls. Since the two species are geographically and ecologically
clearly distinct, we prefer to maintain two separate species. All
other species of Cladosporium s. lat. on Alnus are quite distinct
from C. alneum and proved to belong to C. herbarum (viz., C.
alnicola Corda and C. alnicola Bubak & Vleugel) or Passalora (C.
bacilligerum).
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Fig. 23. Cladosporium alopecuri (NY). Conidiophores and conidia in vivo. Scale bar
=10 pm. U. Braun del.

8. Cladosporium alopecuri (Ellis & Everh.) U. Braun,
Schlechtendalia 5: 32. 2000. Fig. 23.

Basionym: Fusicladium alopecuri Ellis & Everh., J. Mycol. 4: 53.
1888.

Holotype: USA, Montana, Columbia Falls, on Alopecurus
geniculatus (Poaceae), 20 May 1887, B.T. Galloway (NY).

Lit.: Schubert (2005b: 38).
IIl.: Braun (2000: 33, fig. 2), Schubert (2005b: 38, fig. 5).

In vivo: Symptoms on faded host plants, definite leaf spots
lacking, but with yellowish ochraceous to brownish, later greyish
brown discolorations. Colonies amphigenous, punctiform,
scattered to dense, brown to blackish brown, later dark greyish
brown. Mycelium internal, immersed, forming moderately
large stromata, olivaceous to olivaceous-brown, occasionally
confluent. Conidiophores in well-developed, usually fairly
large, dense fascicles, sometimes in palisade-like layers,
arising from stromata, erumpent, erect, straight, subcylindrical
to slightly geniculate-sinuous, unbranched, 40-120 x 5-9
um, 0-1-septate, subhyaline, pale olivaceous to yellowish or
olivaceous-brown, smooth, thin-walled, conidiophores usually
reduced to conidiogenous cells, mostly with a single or only two
conidiogenous loci, conspicuous, 3.5-5 um diam, thickened,
darkened. Conidia solitary, obovoid, ellipsoid-ovoid, short
cylindrical, 20-40 x 7-13(-15) um, 0-1-septate, subhyaline, pale
olivaceous-yellowish to pale brown, densely finely asperulate-
echinulate, apex obtuse, broadly rounded, base obconically
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truncate, hila protuberant, 3-5 um diam, periclinal rim only slightly
raised, often not very conspicuous, thickened, darkened.

Substrate and distribution: On Alopecurus geniculatus; USA.

Notes: Cladosporium alopecuri belongs to a group of leaf-spotting
species with fasciculate conidiophores. It is well characterised
by forming usually rather large, dense fascicles, sometimes in
palisade-like layers, arising from often large stromata. These
characters distinguish this species from all other plant pathogenic
species of Cladosporium, including the morphologically otherwise
close C. phlei. Zhang et al. (2003) listed this species on Alopecurus
geniculatus, A. aequalis and Polypogon fugax (= P. higegaweri)
from China, and considered Fusicladium alopecuri Sawada
(nom. inval.), introduced without Latin diagnosis, a synonym of
F. alopecuri Ellis & Everh., which could not be confirmed since
type material of F. alopecuri Sawada could not be traced and the
Chinese collections were not available for a re-examination.

9. Cladosporium angustisporum Bensch, Summerell,
Crous & U. Braun, Stud. Mycol. 67: 17. 2010. Figs 24, 25.

Holotype: Australia, north Queensland, Daintree N.P, isol. from
Alloxylon wickhamii (Proteaceag), coll. B.A. Summerell, isol. P.W.
Crous (CBS H-20423). Ex-type culture: CBS 125983 = CPC 12437.

Fig. 24. Cladosporium angustisporum (CBS 125983). Macro- and micronematous
conidiophores, mycelium often forming ropes, ramoconidia and conidial chains in
vitro. Scale bar = 10 um. K. Bensch del.
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Fig. 25. Cladosporium angustisporum (CBS 125983). A-H. Macronematous conidiophores and conidial chains. Scale bars = 10 pym.

Ill.: Bensch et al. (2010: 21, figs 5-6).

In vitro: Mycelium immersed and superficial; hyphae branched, 1-3
pm wide, septate, mostly not constricted at septa, subhyaline to
olivaceousbrown, smooth to verruculose or irregularly rough-walled,
walls unthickened, sometimes irregular in outline due to swellings
and constrictions, forming expanded hyphal ropes. Conidiophores
solitary, macro- and micronematous, erect or ascending, arising
terminally from ascending or laterally from plagiotropous hyphae,
straight or flexuous, filiform to cylindrical-oblong, non-nodulose,
usually not geniculate, two types of conidiophores, short and
long ones, 22-280 x (1.5-)2-4 um, pluriseptate, not constricted
at septa, but sometimes irregular in outline due to wider or
narrower parts within the stalk, pale to medium olivaceous-brown
or pale olivaceous, smooth or verruculose at the base, walls
unthickened or slightly thickened. Conidiogenous cells integrated,
mainly terminal, sometimes also intercalary, neither nodulose
nor geniculate, narrowly cylindrical-oblong, 10-27 pm long, with
several loci crowded at the apex, in intercalary conidiogenous cells
loci mainly situated on small lateral denticles just below a septum,
subdenticulate, conspicuous, 1-1.5(-2) ym diam, thickened and
darkened-refractive. Ramoconidia cylindrical, 18-42(-55) um
long, 0-1-septate, concolouress with tips of conidiophores, base
broadly truncate, 2.5-3 pym wide, unthickened but sometimes
slightly refractive. Conidia catenate, in branched chains, with 1-5
conidia in the terminal unbranched part of the chain, branching in
all directions, small terminal conidia obovoid to narrowly ellipsoid,
3-6.5 x 1.5-2 ym (av. £ SD: 4.9 + 1.0 x 1.8 £ 0.3), aseptate,
intercalary conidia narrowly ellipsoid, fusiform, (4-)5.5-11.5(-13) x
(1.5-)2-2.5(-3) um (av. £ SD: 8.1 £ 2.4 x 2.4 + 0.4), 0(-1)-septate,
with 1-3 distal hila, secondary ramoconidia ellipsoid to subcylindrical
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or cylindrical, (6-)7.5-26 x 2-3 pym (av. = SD: 14.9 + 6.1 x 2.7
+ 0.4), 0-1-septate, not constricted at the median septum, pale
olivaceous or pale olivaceous-brown, smooth, walls unthickened,
somewhat attenuated towards apex and base, with 2-4(-5) distal
hila, hila conspicuous, subdenticulate, 0.5-2 pym diam, thickened
and darkened-refractive.

Culture characteristics: Colonies on PDA attaining 57-76 mm diam
after 1 mo, pale olivaceous-grey to smoke-grey, mouse-grey due
to abundant sporulation, glaucous-grey towards margins, reverse
greenish-black, fluffy, margin whitish, feathery, broad, aerial
mycelium abundant, woolly to fluffy, covering almost the whole
colony surface, without prominent exudates, sporulating. Colonies
on MEA reaching 45-60 mm diam after 1 mo, smoke-grey, whitish
to pale olivaceous-grey due to abundant aerial mycelium, reverse
iron-grey to pale greenish-grey, velvety to woolly-fluffy, margin
colourless to whitish, feathery, regular, aerial mycelium abundant,
dense, fluffy, without prominent exudates, sporulation profuse.

Substrate and distribution: On Alloxylon wickhamii; Australia.

Notes: Cladosporium angustisporum belongs to the C.
cladosporioides complex and is morphologically very close to
C. cladosporioides s. str. but differs in having distinctly narrower
conidia, 1.5-3 pm wide. Furthermore, the mycelium is often
aggregated in hyphal ropes, and the conidiophores are dimorphic.
In phylogenetic analyses, C. angustisporum proved to be allied to
C. subuliforme and C. vignae but is distinct and morphologically
and ecologically easily distinguishable (Bensch et al. 2010).
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Fig. 26. Cladosporium annonae (SIENA). Symptoms, conidiophores and conidia in
vivo. Scale bar = 10 um. K. Bensch del.

10. Cladosporium annonae Nann., Atti Reale Accad.
Fisiocrit. Siena, Ser. 10, 4(1-2): 91. 1929, as “anonae”. Figs
26, 27.

Holotype: Italy, Siena, botanical garden, on living leaves of Annona
sp. (Annonaceae), Aug. 1928, mixed infection with C. herbarum as
secondary invader (SIENA).

Lit.: Saccardo (1972: 1336), Schubert (2005b: 39-40).
Ill.: Schubert (2005b: 39, fig. 6, pl. 2, figs D-F).

In vivo: Leaf spots amphigenous, irregular in shape and size,
often near to or limited by the midrib, pale to medium brown,
mostly surrounded by a narrow, more or less irregular, medium
to dark brown margin, paler below, becoming fragile with age,
surrounding leaf tissue often somewhat discoloured, yellowish to
olivaceous. Colonies epiphyllous, loosely scattered, caespitose,
brown. Mycelium internal, subcuticular to intraepidermal; hyphae
branched, 2.5-7 ym wide, septate, with swellings and constrictions,
single hyphal cells up to 12 ym wide, pale to medium olivaceous-
brown, smooth, walls thickened, forming a loose to somewhat
denser hyphal network, sometimes aggregated. Stromata mostly
absent, sometimes developed, 10-35 um diam, composed of
swollen hyphal cells, subglobose, 5-8 pm diam, medium dark
olivaceous-brown to brown, smooth, thick-walled, walls up to 1
um wide. Conidiophores mostly solitary or in small loose groups,
arising from internal hyphae, swollen hyphal cells or stromata,
erumpent through the cuticle, erect, straight to somewhat flexuous,
cylindrical-oblong, usually without swellings, unbranched, 45-

Fig. 27. Cladosporium annonae (SIENA). A. Symptoms. B. Tip of a conidiophore with several somewhat darkened conidiogenous loci. C. Conidiophore and conidia. Scale bars
=10 (B-C) pm.
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150(-300) x (3.5-)4—7 um, septate, not constricted at the septa,
medium olivaceous-brown or brown, often somewhat paler at
the apex, smooth, walls thickened, mostly distinctly two-layered,
up to 1 um wide, often wider or swollen at the base, 7-11 um,
protoplasm of the cells somewhat aggregated at the septa, so that
the walls and septa appear to be thickened (as in distoseptation).
Conidiogenous cells integrated, terminal and intercalary, cylindrical,
7-43 um long, proliferation sympodial, with several conidiogenous
loci, sometimes situated on small shoulders, protuberant, almost
flat to short cylindrical, 1-2(-2.5) ym diam, thickened, refractive,
sometimes slightly darkened. Conidia mostly in branched chains,
straight, subglobose, obovoid, ellipsoid, sometimes subcylindrical,
3-15(-19) x (2-)3-4.5(-6) um, 0-1(-3)-septate, not constricted
at the septa, at first subhyaline, later pale olivaceous-brown,
smooth, walls somewhat thickened, apex rounded or attenuated
towards the apex and base, hila protuberant, (0.5-)1-2(-2.5) um
diam, thickened, refractive to somewhat darkened; sporadically
microcyclic conidiogenesis occurring.

Substrate and distribution: On Annona sp.; ltaly.

Notes: Cladosporium annonae belongs to a group of leaf-spotting
Cladosporium species. Type material has been examined, but
the observed conidiophores are much shorter than those given in
Nannizzi's (1929) original description (240-300 pm). Cladosporium
populicola and C. alneum are two somewhat similar leaf-spotting
species that are, however, ecologically and morphologically easily
distinguishable (see keys and Schubert 2005b). Cladosporium
alneum differs from C. annonae in having longer and usually
somewhat wider conidia, 3-23 x 2.5-6 um, and conidiophores
arising from swollen hyphal cells as well as internal and external
creeping hyphae. The conidiophores of C. populicola, often with
a distinct lumen which is clearly separated from the inner wall, are
sometimes apically branched, possess thicker walls, (0.5-)1-2 ym
wide, and often proliferate enteroblastically. This phenomenon is
visible as a discontinuity in pigmentation and in thickness of the
wall.

11. Cladosporium antarcticum K. Schub., Crous & U.
Braun, Stud. Mycol. 58: 115. 2007. Figs 28-30.

Holotype: Antarctica, King Georg, Arctowski, isol. from the lichen
Caloplaca regalis (Teloschistaceae), 1991, C. Moller, No. 32/12
(CBS H-19857). Isotype: HAL 2024 F. Ex-type culture: CBS 690.92.

Ill.: Schubert et al. (2007b: 116-117, figs 6-8).

In vitro: Mycelium immersed and superficial, dimorphic, branched,
often with short lateral outgrowths, narrow hyphae 1-3 ym wide,
hyaline to subhyaline, thin-walled, hyphae of the second type
wider, 3.5-8(-9) um, pluriseptate, often somewhat constricted at
the septa, sometimes swollen, pale to dark greyish olivaceous or
olivaceous-brown, smooth or verruculose, thick-walled, sometimes
even two-layered (two distinct wall layers visible), 1(~1.5) um thick,
hyphae appearing consistently enveloped in polysaccharide-like
material or covered by a slime coat. Conidiophores micronematous
and macronematous, solitary or in loose groups, arising from
plagiotropous or ascending hyphae, terminally or usually laterally.
Macronematous conidiophores erect to somewhat decumbent,
straight to somewhat flexuous or bent, cylindrical, once or several
times slightly to distinctly geniculate towards the apex due to
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Fig. 28. Cladosporium antarcticum (CBS 690.92). Macro- and micronematous
conidiophores and conidia in vitro. Scale bar = 10 um. K. Bensch del.

sympodial proliferation, unbranched or once branched, up to 120
pm long, 3-4.5 um wide, sometimes slightly attenuated towards
the apex, pluriseptate, up to eight septa, occasionally slightly
constricted at the septa, pale to medium or even dark olivaceous-
brown or greyish brown, paler towards apices, smooth to somewhat
rough-walled, walls thickened but thinner-walled towards
apices, sometimes slightly swollen at the base, up to 6 pm wide.
Conidiogenous cells integrated, terminal and intercalary, once
or several times slightly to distinctly geniculate, 10-33 pm long,
proliferation sympodial, with several or numerous conidiogenous
loci, at first terminal, later turning to one side of the stalk and
situated on small lateral shoulders, up to 14 per cell, protuberant,
denticulate, 1-1.5(=2) um diam, thickened and darkened-refractive.
Micronematous conidiophores as short lateral, peg-like outgrowths
with a single apical scar or somewhat longer, occasionally once
geniculate with several conidiogenous loci at the apex, 2-22 x
2-3 um, pale greyish olivaceous, loci denticulate. Ramoconidia
occasionally occurring, cylindrical, up to 30 ym long, 4-5 ym wide,
0-1-septate, concolorous with the tips of conidiophores, with a
broadly truncate, unthickened and not darkened base, without
dome and rim, 2.5 ym wide. Conidia catenate, in branched chains,
straight, small terminal conidia obovoid, limoniform or narrowly
ellipsoid, 4-14 x 2.5-4 um [av. £ SD, 8.5 (+ 3.3) x 3.5 (+ 0.6)],
0(-1)-septate, secondary ramoconidia ellipsoid to cylindrical, often
with several or numerous conidial hila crowded at the distal end, up
to 12, 13-30 x 4-5 ym [av. £ SD, 20.1 (+ 5.8) x 4.3 (x 0.5) pym],
0-3-septate, sometimes slightly constricted at the median septum,
pale olivaceous-brown or greyish brown, minutely verruculose to
verrucose (granulate under SEM), walls more or less thickened,
rounded or slightly attenuated towards apex and base, hila
protuberant, denticulate, 0.8-1.5(-2) um diam, thickened and
darkened-refractive; microcyclic conidiogenesis occurring.

Culture characteristics: Colonies on PDA attaining 9 mm diam after
14 d at 25 °C, greenish olivaceous to grey olivaceous, at the margin
becoming dull green, reverse with a pale olivaceous grey centre
and a broad olivaceous black margin, margin narrow, regular,
entire edge, white, feathery, aerial mycelium sparse but colonies
appearing felty, growth flat with somewhat elevated colony centre,
prominent exudates not formed, sporulation dense, covering almost
the whole colony. Colonies on MEA attaining 12 mm diam after 14
d at 25 °C, olivaceous grey to iron grey, iron grey reverse, velvety
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Fig. 29. Cladosporium antarcticum
(CBS 690.92). A. Overview of the
growth pattern on SNA. Note the
very large bulbous cells formed at
the base of different conidiophores.
Other conidiophores sprout from
the agar surface. B. Overview of
conidiophores and conidia. Note
the large distance of the scars on
the conidiophore and the different
stages of conidial formation on
the tips of other conidia. The long
secondary ramoconidia are also
visible, and sparse aerial hyphae.
C. Detail of B with details of the
ornamentation and scars. The
absence of ornamentation at the
apical (spore-forming) end of the
secondary ramoconidium is clearly
visible. D-E. Tubular structures on
conidiophore (D) and secondary
ramoconidium (E). Scale bars = 2
(E), 5 (C-D), 10 (A-B) pm.

Fig. 30. Cladosporium antarcticum (CBS 690.92). A-B. Macronematous conidiophores. C, G. Mycelium enveloped by a polysaccharide-like layer. D, F. Conidia. E. Micronematous
conidiophore. H. Ramoconidium with numerous distal scars. Scale bars = 10 ym.
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to powdery, aerial mycelium sparse, sporulation profuse. Colonies
on OA attaining 4 mm after 14 d at 25 °C, olivaceous grey, aerial
mycelium sparse, diffuse, growth flat, without prominent exudates,
sporulating.

Substrate and distribution: On the lichen Caloplaca regalis;
Antarctica.

Notes: Two genuine lichenicolous Cladosporium species are
known, viz., C. antarcticum and C. licheniphilum, described on
apothecia of Pertusaria alpina in Russia. The latter species is,
however, quite distinct from C. antarcticum by its subcylindrical
or only slightly geniculate-sinuous, wider conidiophores, 5-8 ym
diam, with numerous characteristically terminal branches and much
shorter, 0—1-septate, smooth conidia, 3.5-13 x 3—7 ym (Heuchert &
Braun 2006). Other Cladosporium species described from lichens,
viz., C. lichenicola, C. arthoniae and C. lichenum are invalid or have
been excluded (see list of excluded Cladosporium species).

12. Cladosporium aphidis Thim., Oesterr. Landwirtsch.
Wochenbl. 2(43): 505. 1876. Figs 31-33.

Lectotype (designated here): Austria, Klosterneuburg, on
Symphytum officinale (Boraginaceae), associated with Aphis
symphyti, Aug. 1875, Thimen, Herb. Mycol. Oecon. 484 (B
700006165). Isolectotypes: Thiimen, Herb. Mycol. Oecon. 484 (C.
aphidis mixed with C. herbarum).

Fig. 31. Cladosporium aphidis (B 700006165). Mycelium, conidiophores and conidia
in vivo. Scale bar = 10 um. U. Braun del.
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Fig. 32. Cladosporium aphidis (CBS H-20938). Conidiophores and conidia in vitro.
Scale bar =10 ym. K. Bensch del.

Epitype (designated here): Germany, Nordrhein-Westfalen,
Essen, botanical garden, superficially on dead carcasses of aphids
on leaves of Echium vulgare (Boraginaceae), 27 June 2006, N. Ale-
Agha (CBS H-20938, HAL). Ex-type culture: CBS 132182 = CPC
13204.

= Cladosporium aphidis Thiim., Herb. Mycol. Oecon., Fasc. X, No. 484.

1877.
= Cladosporium aphidis Thiim., Oesterr. Bot. Z. 27: 12. 1877 [syntypes:
Thiimen, Mycoth. Univ. 672, e.g., B, HAL, HBG].

= Cladosporium aphidis Thim., Mycoth. Univ., Cent. VII, No. 672. 1877.
= Cladosporium aphidigenum Pass., in herb. (B).

Lit.: Saccardo (1886: 369), Lindau (1907: 830), Ferraris (1912:
351), Lind (1913: 522), Zhang et al. (2003: 43).

lll.: Zhang et al. (2003: 43, fig. 16).

Exs.: Roumeguere, Fungi Sel. Gall. Exs. 5192 p.p.; Thiimen, Herb.
Mycol. Oecon. 484; Thiimen, Mycoth. Univ. 672.

In vivo: Colonies on carcasses of aphids, on leaves and stems
punctiform to effuse, floccose, often overgrowing entire carcasses
and spreading around the aphids, thin to dense, later often
forming colonies on the leaf surface around the carcasses, finally
sometimes spread on the whole leaf, forming superficial colonies
without nutritive contact to the host plant, i.e., entirely superficial,
patches or effuse, loose to dense, springing from germinating
conidia, probably nourishing from the honey dew produced by the
aphids, colonies olivaceous-brown to dark brown. Mycelium in and
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on aphids, on leaves consistently superficial, often forming web-
like aggregations of hyphae; hyphae straight to strongly flexuous-
sinuous, branched, 2-6 um wide, subhyaline to olivaceous-brown,
wall thin, about 0.5-1 ym, smooth to distinctly rough-walled, later
with swollen hyphal cells, often monilioid, up to 10 um diam, walls
darker and thicker, up to 1.5 ym, occasionally distinctly two-layered,
occasionally hyphal cells with distinct central lumen. Stromata
lacking, at most with small aggregations of swollen hyphal cells.
Conidiophores solitary, occasionally in loose groups, arising from
superficial hyphae, lateral, occasionally terminal, or emerging
from aggregations of swollen hyphal cells, erect to decumbent,
shape and size very variable, straight, subcylindrical-conical to
strongly geniculate-sinuous, occasionally subnodulose, simple
or branched, occasionally strongly branched, 10-120 x 2-7 pm,
sometimes up to 300 um long (but differentiation between very
long, branched conidiophores and ordinary hyphae often difficult),
aseptate to pluriseptate throughout, pale olivaceous to medium
olivaceous-brown or brown, wall thin to somewhat thickened,
0.5-1(-1.5) pm, smooth to distinctly rough-walled. Conidiogenous
cells integrated, terminal, occasionally intercalary or pleurogenous,
5-30 um long, with a single to several conidiogenous loci 1-2 pm
diam, slightly protuberant. Conidia in simple and branched chains,
shape and size variable, subglobose, ellipsoid-ovoid, obovoid,
fusiform, subcylindrical, secondary ramoconidia 8-25 x 3-8.5 um,
0-3-septate, conidia 3-20 x 2-5 pm, 0-1-septate, subhyaline to
olivaceous-brown, smooth to faintly rough-walled, conidia thin-
walled (< 1 ym), walls of secondary ramoconidia somewhat thicker,
0.5-1.5 pm, conidial cells often with distinct lumen that renders
the conidia seemingly thick-walled, ends rounded to attenuated,
hila often somewhat protuberant, denticle-like, 0.5-1.5 pym diam;
germination and microcyclic conidiogenesis occurring.
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Fig. 33. Cladosporium aphidis (CBS 132182). A-l. Conidiophores and conidial chains in vitro. Scale bars = 10 ym.

In vitro: Mycelium sparingly or loosely branched, 1.5-5 ym
wide, septate, often slightly constricted at septa, almost hyaline,
subhyaline or very pale olivaceous-brown, smooth or minutely
verruculose, walls only slightly thickened, cell lumen granular,
guttulate, sometimes aggregated at walls, single hyphal cells
sometimes swollen, bulbous, mainly near or at septa or at the
base of conidiophores, swellings up to 8 ym wide. Conidiophores
solitary, sometimes in pairs of two, macro- and micronematous,
arising terminally or laterally from plagiotropous or ascending
hyphae, erect to ascending, straight or slightly flexuous, filiform or
subcylindrical, non-geniculate or rarely slightly so towards or near
the apex, non-nodulose, unbranched, occasionally once branched,
20-255 x 3-5(-6) uym, septate, not constricted at septa, slightly
attenuated towards the apex, pale to olivaceous-brown, smooth,
base often appears to be verruculose, cell lumen often as in hyphae
but not all conidiophores with granular lumen. Micronematous
conidiophores narrower, shorter and paler, unbranched, 15-72
x 2-3 um subhyaline to pale olivaceous-brown, smooth, mostly
with a single or two apical conidiogenous loci. Conidiogenous
cells integrated, terminal, sometimes also intercalary, usually
neither geniculate nor nodulose, 11-40 um long, with a single or
only few (mostly three) apical conidiogenous loci, 1-2 pym diam,
somewhat thickened and darkened-refractive. Ramoconidia often
formed, straight or slightly flexuous, subcylindrical, 19-45(-50)
x (3-)3.5-5(-5.5) ym, 0-1(-3)-septate, not constricted at septa,
concolouress with apices of conidiophores, not or only very slightly
attenuated towards apex and base, base non-cladosporioid.
Conidia numerous, polymorphous, catenate, formed in branched
chains, small terminal conidia subglobose to obovoid, limoniform
or somewhat irregular, 3-5(-6) x 2-3 pym (av. £ SD: 3.8 £ 0.6
x 2.7 + 0.4), aseptate, rounded at the apex, intercalary conidia
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broadly ovoid, limoniform or ellipsoid, (4-)5-13 x (2.5-)3-4(-5)
pm (av. £ SD: 7.9 + 2.1 x 3.6 £ 0.6), 0-1-septate, rounded or
slightly attenuated at apex and base, secondary ramoconidia
ellipsoid to subcylindrical, (8-)10-30(-36) x 3-5(-5.5) um (av.
1+ SD: 18.1 £ 6.2 x 3.8 £ 0.6), 0-2(-4)-septate, not constricted,
slightly attenuated towards the base, pale olivaceous-brown
to olivaceous-brown, almost smooth to minutely verruculose
or somewhat irregular, walls thin or only slightly thickened,
sometimes cell lumen distinct that renders the conidia seemingly
thick-walled, lumen mostly granular, hila 0.5-2 pm diam,
somewhat thickened and darkened-refractive.

Culture characteristics: Colonies on PDA attaining 47-53 mm after
1 mo, grey-olivaceous to olivaceous or olivaceous-grey due to
profuse sporulation, greenish-grey towards margin, leaden-grey to
olivaceous-black reverse, velvety, margin white, regular, narrow to
somewhat broader, feathery, aerial mycelium at first almost absent,
diffuse, later dense, covering large parts of the colony, whitish or
pale olivaceous-grey, felty-woolly, growth low convex to sometimes
umbonate, with age few small but prominent exudates formed,
sporulation profuse. Colonies on MEA attaining 16-30 mm after
1 mo, olivaceous-grey to olivaceous, pale olivaceous-grey due to
aerial mycelium, iron-grey reverse, sometimes zonate, velvety or
powdery, margin colourless or white, regular, radially furrowed,
feathery, colony centre often forming a crater like structure,
immersed, aerial mycelium sparse, diffuse or dense, numerous
small prominent exudates formed, appear almost blackish,
sporulation profuse. Colonies on OA attaining up to 63 mm after
1 mo, grey-olivaceous or olivaceous-grey, reverse iron-grey to
grayish-blue, powdery, margin white, glabrous, narrow, aerial
mycelium sparse, diffuse, growth flat, without prominent exudates,
sporulation profuse.

Substrates and distribution: On or associated with aphids; Asia
(China), Europe (Austria, Denmark, Germany, ltaly, UK), South
Africa, North America (USA), Central and South America (Brazil,
Peru, Puerto Rico, Virgin Islands), Oceania (Hawaii).

Additional specimens examined: Austria, Klosterneuburg, on Symphytum officinale
(Boraginaceae) associated with Aphis symphyti, Aug. 1876, Thiimen, Mycoth. Univ.
672 (B 700006166; BPI 426119, 426367; HAL); Steiermark, Graz, Botanical Garden
of the Karl-Franzens-University, on Onosma sp. (Boraginaceae), June 1990, M.
Teppner (HAL 2095 F). Brazil, S.P., Piracicaba, on aphids, on leaves of Manihot
utilissima (Euphorbiaceae), 27 Mar. 1933, A.P. Viégas (BPI 425871). Germany,
Bavaria, Bad Kissingen, superficial on leaves of Lonicera xylosteum (Caprifoliaceae),
6 Sep. 1891, P. Magnus (HBG); Berlin, on Aphis sp., on Pyrus communis
(Rosaceae), 29 July 1923, Noack (B 700006168); Berlin, University Garden, on
aphids and superficially on leaves of Euonymus japonicus (Celastraceae), 4 Mar.
1898, P. Magnus (HBG); Brandenburg, on aphids on leaves of Brassica oleracea
(Brassicaceae), 4 Oct. 1904, O. Jaap (B 700006169); Nordrhein-Westfalen,
Duisburg, on leaves of Buddleja davidii (Scrophulariaceae), 2007, N. Ale-Agha
(HAL); Essen, botanical garden, on leaves of Anthyllis barba-jovis (Fabaceae),
associated with aphids, 18 Aug. 2006, N. Ale-Agha (HAL); on Asplundia moritziana
(= Carludvicia plicata) (Cyclanthaceae), 30 Oct. 2008, N. Ale-Agha (HAL); on
leaves of Echium pininana (Boraginaceae), 27 June 2006, N. Ale-Agha (HAL); on
leaves of Erythrochiton brasiliensis (Rutaceae), associated with aphids, 2006, N.
Ale-Agha (HAL); on leaves of Pericallis appendiculata (Asteraceae), associated with
aphids, 18 Aug. 2006, N. Ale-Agha (HAL); on brown scales and deciduous short
shoots at the base of needles of Pinus sp. (Pinaceae), 3 June 2008 and 18 Jul.
2008, N. Ale-Agha (HAL); on leaves of Sonchus congestus (Asteraceae), associated
with aphids, 8 May 2006, N. Ale-Agha (HAL), CPC 13087. Italy, Emilia Romagna,
Parma, on leaves of Populus alba (Salicaceae), associated with aphids, Passerini
(B 700006164), as “C. aphidigenum’; on aphids on leaves of Symphytum officinale,
Sep., Passerini (B 700006163 A), as “C. aphidigenum”; on aphids on leaves
of Salix sp., Sep., Passerini (B 700006163 B), as “C. aphidigenum”. Portugal,
Coimbra, on leaves of Asclepias consanguinea (Apocynaceae), superficial,
together with other hyphomycetes, F. Moller, Roumegueére, Fungi. Sel. Gall. Exs.
5192 (B 700006637), as C. mollis. Puerto Rico, Trujillo Alto, on Aphis gossypii on
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Abelmoschus esculentus (Malvaceae), 10 Apr. 1931, R. Faxon & A.S. Mills (BPI
426118). USA, Delaware, Wilmington, on insect carcasses (aphids?), on leaves of
Buddleja sp. (Scrophulariaceae), 8 Nov. 1926, J.F. Adams (BPI 427205), as “C.
heugelianum”; Hawaii, Honolulu, on Aphis maidis on Zea mays (Poaceag), 20 Oct.
1910, H. Marsh (BPI 426115); Virginia, Clark Co., Blandy Exp. Farm, on carcasses
of insects (aphids?), on leaves of Buddleja asiatica, 23 May 1949, C.L. Lefebvre
(BP1427206), as “C. heugelianum’; Washington, Seattle, University of Washington
campus, 47.6263530, -122.3331440, isol. from chasmothecia of Phyllactinia guttata
(Erysiphales) on leaves of Corylus avellana (Betulaceae), 2 Dec. 2004, D. Glawe,
CPC 11829.

Notes: Conidia of C. aphidis often germinate on the surface of leaves
and form entirely superficial colonies, sometimes quite independent
of infected aphids. Such superficial colonies are often mixed with
C. herbarum which may also germinate and grow superficially. The
conidia in vitro are narrower and somewhat longer.

A single collection on Musca from Hungary proved to belong
to C. fusiforme which was quite surprising. Cladosporium aphidis
differs from the latter species in having mycelium with distinct
bulboid swellings, longer and somewhat wider macronematous
conidiophores, slightly wider conidiogenous loci, wider ramoconidia
and somewhat longer and wider intercalary and secondary
ramoconidia.

13. Cladosporium apicale Berk. & Broome, J. Linn. Soc.,
Bot. 14: 99. 1873, 1875. Figs 34, 35.

Holotype: Sri Lanka (Ceylon), Peradeniya, on leaves of Cycas
circinalis (Cycadaceae), Jan. 1868, G.H.K. Thwaites (K 121544).

= Cladosporium cycadacearum Shambu Kumar et al., Indian Phytopathol.
60(3): 352. 2007 [holotype: GPU Herb. No. KSR 109; isotype: HCIO 47979].

Lit.. Saccardo (1886: 367), Ellis (1976: 332), Pasqualetti et al.
(2005: 108), Schubert (2005b: 40-41).

lll.: Ellis (1976: 334, fig. 252 A), Schubert (2005b: 42, fig. 7, pl. 3,
figs A-H), Kumar et al. (2007: 353, fig. 2).

In vivo: On leaves, hypophyllous as greyish to blackish patches
or discolorations, irregular in shape, usually extended, covering
large areas of the leaf surface, stretching halfway or right across
the leaves. Colonies hypophyllous, scattered, in small tufts
or very loosely caespitose, erect to decumbent, dark brown or
almost blackish, villose. Mycelium internal, later also external,
growing superficially, creeping; hyphae sparingly branched,
1.5-5 pym wide, septate, often slightly constricted at the septa,
subhyaline to pale brown, smooth, walls slightly thickened.
Stromata mostly substomatal, composed of more or less angular,
polygonal cells, medium to dark brown, smooth, thick-walled.
Conidiophores mostly loosely fasciculate, occasionally solitary,
arising from stromata, emerging through stomata, more or less
erect, straight or almost so, but somewhat flexuous towards the
apex, cylindrical-oblong, subulate, somewhat geniculate-sinuous
to subnodulose near the apex, unbranched or branched, at
the base and, above all, at the apex, 30-360 pm long or even
longer, 6-11(-16) ym wide at the base, (2-)3-5.5 ym wide at
the apex, pluriseptate, medium to usually dark brown or dark
reddish brown, paler towards the apex, smooth or almost so to
often obviously faintly asperulate, thick-walled, often distinctly
two-layered, 0.75-3 uym wide, sometimes swollen at the base,
protoplasm of the cells somewhat aggregated at the septa, so
that the walls and, above all, septa appear to be thickened (as
in distoseptation), occasionally enteroblastically proliferating.
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Fig. 34. Cladosporium apicale (K 121544). Conidiophores and conidia in vivo. Scale
bar = 10 ym. K. Bensch del.

Conidiogenous cells integrated, terminal and intercalary,
somewhat geniculate-sinuous and subnodulose, 6-23 um
long, proliferation sympodial, cicatrised, with numerous, small
conidiogenous loci, conspicuously protuberant, subdenticulate,
short cylindrical, often situated on small lateral shoulders or
somewhat crowded, obconically truncate, 1-2 um diam, dome
often not higher than the surrounding rim, thickened, refractive to
somewhat darkened. Conidia catenate, in branched chains, most
of them very small, subglobose, obovoid, limoniform or ellipsoid,
2-11 x 2-4 uym, 0-1-septate, few conidia larger, ellipsoid, fusiform
or subcylindrical, up to 22 ym long, 3-5(-6) um wide, 1-3-septate,
not constricted at the septa, pale olivaceous to pale or sometimes
medium olivaceous-brown, smooth or almost so, walls somewhat
thickened, in the centre often with a distinct plae lumen,
surrounded by the somewhat darker protoplasm, apex rounded or
with a single to numerous, small hila, slightly attenuated towards
the base, base truncate or obconically truncate, hila protuberant,
short cylindrical, 0.5-2 ym diam, dome and periclinal rim often not
very conspicuous, thickened, refractive to somewhat darkened;
occasionally microcyclic conidiogenesis occurring.

Substrates and distribution: On Cycas spp. (Cycadaceae); Asia —
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Fig. 35. Cladosporium apicale (K 121544). A. Symptoms. B. Overview, fascicle
of conidiophores. C. Conidiophore with numerous conidiogenous loci and small
subglobose conidia. D. Conidiophore with numerous protuberant conidiogenous
loci. E. Conidiophore showing cell structure, with thickened, two-layered walls and
protoplasm aggregated at the septa. F. Conidia showing coronate scar structure. G,
H. Conidia showing cell structure, with paler cavity in the centre. Scale bars = 5 (D,
F), 10 (C, E, G-H), 50 (B) pm.

Cycas circinalis (Sri Lanka), C. revoluta (India, U.P.).

Notes: The coronate (cladosporioid) structure of the conidiogenous
loci and hila in Cladosporium apicale is not very evident when
examined by light microscopy, but has been proven by means of
SEM (see Schubert 2005b, pl. 3, fig. F). Cladosporium cycadis,
known from Asia, Europe and Central America on leaves of
Cycas spp., is well distinguished from C. apicale by its narrower
conidiophores, 4-5 ym wide, and aseptate, rarely 1-septate, smaller
conidia. Type material of C. cycadacearum was not available, but
based on the description, drawing and host given in Kumar et al.
(2007) it is very probable that this species has to be considered a
synonym of C. apicale.

Unconfirmed reports of occurrence of C. apicale have been
published by De & Chattopadhyay (1994) from West Bengal, India,
on Swietenia mahogoni (Meliaceae), Zhang et al. (2003; 4546,
fig. 18) on Allium fistulosum and Magnolia grandiflora from China
(Sichuan and Yunnan) and Pasqualetti et al. (2005) on dead leaves
of Arbutus unedo.
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Fig. 37. Cladosporium arthrinioides (M-0057465). A. Apex of a conidiophore. B. Conidium showing the coronate scar structure. C. Superficial mycelium. D, E. Conidia. Scale
bars =2 (B), 10 (A, C-E) um.
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14. Cladosporium arthrinioides Thim. & Beltr., Nuovo
Giorn. Bot. Ital. 8: 252. 1876. Figs 36, 37.

Lectotype (designated here): Italy, Sicily, Palermo, botanical
garden, on living and wilted leaves of Bougainvillea spectabilis
(Nyctaginaceae), Mar. 1875, V. Beltrani-Pisani (M-0057465).
Isolectotypes: Thiumen, Mycoth. Univ. 873 (BPI 426137, HAL,
HBG, M-0057466, MICH).

Lit.. Saccardo (1886: 359), Ferraris (1912), Schubert (2005b: 43—
44).

lll.: Schubert (2005b: 43, fig. 8, pl. 4, figs A-E).

Exs.: Thimen, Mycoth. Univ. 873.

In vivo: Leaf spots amphigenous, minute, at first punctiform, later
subcircular, up to 3 mm diam, dark brown to almost blackish, often
near or at the leaf margin, without distinct margin, velvety, occasionally
somewhat raised. Colonies amphigenous, scattered to subeffuse,
loose to often dense, brown, villose or somewhat downy. Mycelium
external, superficial; hyphae branched, 2-6 pm wide, septate,
sometimes slightly constricted at the septa and somewhat swollen, up
to 9 um wide, subhyaline to pale or medium dirty olivaceous-brown,
smooth or almost so to somewhat asperulate or irregularly rough-
walled, walls thickened, protoplasm of the cells granular, sometimes
distinct and clearly separated from the wall, with small oil droplets,
sometimes aggregated at the septa, so that the walls and, above
all, septa appear to be thickened (as in distoseptation), forming a
more or less dense hyphal network. Stromata lacking. Conidiophores
solitary, arising from superficially growing hyphae, terminal and
lateral, often growing like and confusable with hyphae, erect, straight
to flexuous, filiform, unbranched or once branched, non-nodulose,
25-200 x 2—4 um, pluriseptate, sometimes slightly attenuated at the
septa, pale to medium dirty olivaceous-brown, smooth to somewhat
asperulate or irregularly rough-walled, walls slightly thickened,
sporadically with oil droplets. Conidiogenous cells integrated, mostly
terminal, sometimes also intercalary, narrowly cylindrical, 5-43 pm
long, proliferation sympodial, with a single to several conidiogenous
loci, protuberant, subdenticulate to denticulate, obconically truncate,
0.5-2 pm diam, dome and periclinal rim often not very conspicuous,
thickened and darkened-refractive. Ramoconidia occasionally
formed, subcylindrical, up to 24 um long, 4-5 um wide, 1-2-septate,
broadly truncate at the base, up to 2.5 um wide. Conidia catenate,
in unbranched or branched chains, small terminal conidia globose,
subglobose, ovoid, limoniform, ovoid-ellipsoid or somewhat
irregular, 2-11 x 2-5 ym, 0-1-septate, secondary ramoconidia and
intercalary conidia ellipsoid, narrowly obclavate to subcylindrical,
13-18 x 3-6.5 um, 0-1(-2)-septate, occasionally distoseptate,
with age larger and more frequently septate, up to 32 um long,
with up to four septa, subhyaline, pale to medium dirty olivaceous-
brown, smooth or sometimes minutely verruculose, walls more or
less thickened, in the centre of the cells often with distinct lumen,
surrounded by the protoplasm, sometimes also with somewhat
refractive oil droplets, ends rounded or attenuated, hila protuberant,
small, obconically truncate, 0.5-1.5(-2) ym diam, dome and rim
often inconspicuous, thickened, refractive, sometimes darkened;
microcyclic conidiogenesis occurring.

Substrates and distribution: On Bougainvillea spectabilis; Italy.

Notes: Cladosporium arthrinioides superficially resembles
Stenella species, above all due to verruculose superficial
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hyphae. However, the coronate (cladosporioid) structure of the
conidiogenous loci and hila has been shown by means of SEM
examinations (see Schubert 2005b, pl. 4, fig. B). Cladosporium
heterophragmatis is the only morphologically comparable
species, which is, however easily distinguishable by having
erect to decumbent, creeping conidiophores with only few non-
constricted septa. Ramoconidia are lacking and the conidia are
never distoseptate. Farr et al. (1989) listed C. arthrinioides on
Bougainvillea sp. from Texas, USA.

15. Cladosporium arthropodii K. Schub. & C.F. Hill, Fungal
Diversity 22: 15. 2006. Figs 38—40.

Holotype: New Zealand, Auckland, Glen Funes, University
of Auckland, Tamaki Campus, on Arthropodium cirratum
(Asparagaceae), 1 Jul. 2004, C.F. Hill, No. 1054, mixed infection
with Alternaria sp. (HAL 1828 F). Paratypes: New Zealand, East
Tamaki, Auckland University Campus, on Arthropodium cirratum, 4
Sep. 2003, E.H.C. McKenzie (PDD 78376) and Little Huia, 3 Dec.
1963, J.M. Dingley (PDD 23039). Epitype (selected here): New
Zealand, Auckland, Glen Funes, University of Auckland, Tamaki
Campus, on Arthropodium cirratum, 8 Oct. 2008, C.F. Hill, CBS
H-20939. Ex-epitype culture: CBS 124043 = CPC 16160.

Lit.: Schubert (2005b: 44-46).
Ill.: Schubert (2005b: 45, fig. 9, pl. 5, figs A-G), Braun et al. (2006:
16, fig. 1, 17, pl. 1).

In vivo: Leaf spots amphigenous, oval to oblong-irregular, at first
visible as small, whitish, shiny discolorations, later forming larger
spots, up to 30 mm long, finally confluent, covering large areas of the

Fig. 38. Cladosporium arthropodii (HAL 1828 F). Fascicles of conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.
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Fig. 39. Cladosporium arthropodii (HAL 1828 F). A. Symptoms. B. Fascicle of conidiophores. C. Conidiophores. D. Tip of a conidiophore with still attached conidium. E.
Geniculate conidiophore. F. Conidium showing surface ornamentation. G. Tip of a conidiophore with still attached conidium. Scale bars = 5 (D), 10 (C, E-G), 20 (B) um.
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Fig. 40. Cladosporium arthropodii (CPC 16160). A-J. Conidiophores and still attached conidia in vitro. Scale bars = 10 um.

leaves, on the upper leaf surface whitish, whitish grey to somewhat
rose-coloured, shiny, often with slightly rose- to purple-coloured,
irregular discolorations in the centre of pale spots, somewhat zonate,
surrounded by a narrow or broader, irregular margin or halo, yellowish
brown to dark reddish brown, rarely purple or greenish, on the lower
leaf surface darker, greyish to grey-green. Colonies hypophylious,
scattered, effuse, loose to dense, short caespitose, olivaceous-brown
to brown or even blackish. Mycelium internal, subcuticular; hyphae
branched, 3-5(-7.5) um wide, septate, pale olivaceous to pale
olivaceous-brown, smooth, walls unthickened or slightly thickened,
sometimes with small swellings and constrictions, often aggregated.
Stromata mostly substomatal, 20-50 um diam, dense, compact, pale
to medium olivaceous or olivaceous-brown. Conidiophores loosely to
densely fasciculate, arising from stromata, usually emerging through
stomata, occasionally erumpent through the cuticle, erect, straight
to flexuous, cylindrical-oblong, not to somewhat geniculate-sinuous,
unbranched or rarely branched, non-nodulose to subnodulose, 30—
130 x (3-)4.5-8(-10) um, 0-5-septate, not constricted at the septa,
very pale olivaceous to pale brown, smooth, sometimes somewhat
verruculose near the apex, walls only slightly thickened, not or only
slightly attenuated towards the apex. Conidiogenous cells integrated,
terminal and intercalary, cylindrical, 10-47 um long, proliferation
sympodial, with a single to few conidiogenous loci, often on small
lateral shoulders, more or less protuberant, 1.5-2.5(-3.5) pm
wide, 0.5-1 pm high, periclinal rim not distinctly raised, thickened,
somewhat darkened. Conidia solitary or in short unbranched chains,
straight to slightly curved, cylindrical-oblong, (10-)20-60 x (5-)7-12
pm, (0-)1-3(-5)-septate, sometimes slightly constricted at the septa,
septa not very conspicuous, pale to pale medium olivaceous-brown,
echinulate (digitate under SEM), walls more or less thickened, apex
usually rounded, base rounded or often somewhat attenuated,
hila more or less protuberant, 1.5-2.5(-3.5) ym diam, somewhat
darkened.

In vitro (description based on OA): Mycelium immersed and

superficial; hyphae branched, 1-7 ym wide, due to swellings and
constriction somewhat irregular in outline, swellings up to 10 ym

3% www.studiesinmycology.org

wide, sometimes somewhat geniculate-sinuous or zig-zag-like
and therefore hardly distinguishable from conidiophores, septate,
subhyaline to pale olivaceous-brown, often somewhat darker at
the base of conidiophores, smooth, walls unthickened or almost
so. Conidiophores solitary or sometimes in loose groups of 2-3,
arising terminally or laterally from hyphae, erect, straight to
somewhat flexuous, cylindrical-oblong, often slightly to distinctly
geniculate or subnodulose with unilateral shoulders due to
sympodial proliferation or irregular in outline due to swellings and
constrictions, unbranched, occasionally branched, up to 170 um
long, 4-6 um wide, pluriseptate, pale to medium olivaceous-brown,
smooth, walls unthickened or only slightly so. Conidiogenous
cells integrated, terminal or intercalary, geniculate-sinuous or
subnodulose with unilaterally swollen shoulders, 10-31 ym long,
mostly with a single conidiogenous locus per cell, loci often not
very prominent, convex but dome and rim not distinctly raised, 1-3
um diam, somewhat darkened-refractive. Conidia solitary or in very
short unbranched chains, more or less straight, small conidia ovoid,
pyriform or ellipsoid, aseptate, larger conidia ellipsoid to cylindrical-
oblong, (9-)15-45 (5.5-)6-10 ym (av. £ SD:29.3 +102x 79+
1.8), sometimes basal cell bulboid or single cells distinctly swollen,
up to 17 um diam, 0-3-septate, sometimes slightly constricted
at septa, septa usually not very conspicuous, becoming sinuous
with age, pale to medium olivaceous-brown, densely echinulate,
sometimes loosely verrucose, walls thickened, up to 1 pm wide,
slightly attenuated towards the base, hila conspicuous, 1.5-3 uym
diam, thickened and darkened-refractive; sometimes germinating.

Culture characteristics: Colonies on PDA attaining 1-8 mm diam
after 14 d, olivaceous-grey to white due to aerial mycelium, reverse
iron-grey, fluffy, margins white, narrow, aerial mycelium loose to
dense, fluffy, abundant, without prominent exudates, sparsely
sporulating on the agar blocks. Colonies on MEA 1-4 mm diam,
white to pale greenish-grey, reverse iron-grey, fluffy, margins white,
narrow, feathery, aerial mycelium abundant, white, fluffy, covering
the whole colony, dense, growth low convex to convex, without
prominent exudates, sparsely sporulating. Colonies on OA 14
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mm, iron-grey to olivaceous-grey, whitish due to aerial mycelium,
reverse olivaceous-grey, velvety, aerial mycelium white, loose,
fluffy, growth low convex, without prominent exudates, sporulating.

Substrate and distribution: On Arthropodium cirratum; New
Zealand.

Notes: Cladosporium arthropodii is endemic in New Zealand
on Arthropodium cirratum. Cladosporium allii is morphologically
comparable but well distinguished by its consistently fasciculate
conidiophores and much wider conidia. Furthermore, the periclinal rim
of the conidiogenous loci of C. allii is distinctly elongated (ca. 2 ym
high) giving a peg-like appearance. Cladosporium alli-cepae differs in
having much longer conidia, (40-)60-120(-90) um, and C. victorialis
(Braun & Mel'nik 1997) is quite distinct by its smooth conidia.

16. Cladosporium asperistipitatum U. Braun & K. Schub.,
Schlechtendalia 16: 62. 2007. Fig. 41.

Holotype: USA, California, Contra Costa Co., Orinda, on living
leaves of Aesculus californica (Sapindaceae), 30 Oct. 1932, L.
Bonar (F 1167622).

Ill.: Braun & Schubert (2007: 63, fig. 1).

In vivo: Leaf spots large, usually marginal, 5-30 mm wide, brown,
with somewhat raised margin, occasionally with diffuse purplish to
brown halo. Colonies amphigenous, faintly punctiform to effuse,
dark brown to blackish. Mycelium internal. Stromata lacking or
small, 10-30 pm diam, substomatal to intraepidermal, brown,
composed of swollen hyphal cells, 3-13 uym diam, walls thickened.
Conidiophores solitary or in small fascicles, arising from internal
hyphae or stromatic hyphal cells, erumpent or emerging through
stomata, erect, straight to slightly geniculate-sinuous, unbranched
or occasionally branched, 10-60 x 2.5-9 um, continuous to septate,
pale olivaceous to medium olivaceous-brown, wall thickened,
up to 2 um wide, above all in the lower half, and distinctly two-
layered. Conidiogenous cells integrated, terminal, 10-30 um long;
conidiogenous loci (1-)1.5-2(-2.5) ym diam, somewhat thickened,
darkened and protuberant. Conidia catenate, in simple or branched

Fig. 41. Cladosporium asperistipitatum (F 1167622). Conidiophores and conidia in
vivo. Scale bar = 10 um. U. Braun del.
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chains, subglobose, ellipsoid-ovoid, fusiform, limoniform to
subcylindrical, 4-30 x 3-7 ym, 0-2(—4)-septate, pale olivaceous
to olivaceous-brown, walls thin to slightly thickened, < 1 um wide,
faintly to distinctly verruculose, ends obtuse, rounded to attenuated,
apex with 1-3 hila, base with a single hilum, 1-2 um diam, slightly
protuberant.

Substrate and distribution: On Aesculus californica; USA.

Notes: Cladosporium asperistipitatum is a biotrophic, leaf-spotting
species morphologically resembling C. gentianae which differs,
however, in having quite distinct lesions and somewhat shorter,
mostly 0-1-septate conidia, frequently with distinct lumina, so that
the conidia become seemingly very thick-walled.

17. Cladosporium asperulatum Bensch, Crous & U. Braun,
Stud. Mycol. 67: 21. 2010. Figs 42—-44.

Holotype: Portugal, isol. from Protea susannae (Proteaceag),
1 May 2007, P.W. Crous (CBS H-20424). Ex-type culture: CBS
126340 = CPC 14040.

Ill.: Bensch et al. (2010: 22-24, figs 7-9).
In vitro. Mycelium immersed, sparingly superficial; hyphae

unbranched or very sparingly branched, 2-4.5 ym wide, septate,
not constricted at septa, subhyaline to pale or medium olivaceous-

4
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Fig. 42. Cladosporium asperulatum (CBS 126340). Macronematous conidiophores,
ramoconidia and conidial chains in vitro. Scale bar = 10 um. K. Bensch del.
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Fig. 43. Cladosporium asperulatum (CBS 126340). A-D. Conidiophores and conidia. E-G. Secondary ramoconidia and conidia formed in branched chains. Scale bars = 10 pym.

brown, smooth to minutely verruculose or irregularly verrucose, walls
unthickened or almost so, sometimes forming ropes. Conidiophores
macro- and micronematous, solitary, arising terminally or laterally
from plagiotropous or ascending and erect hyphae, erect, straight
to slightly flexuous, cylindrical-oblong, sometimes slightly geniculate
towards the apex, non-nodulose, (15-)45-210(-360) x (2-)3-4(-5)
pm, sometimes up to 5 um wide at the base, unbranched, occasionally
branched, branches below the apex or at a lower level, usually below
a septum, sometimes up to 105 um long, pluriseptate with 0-12 septa,
not constricted, pale to medium olivaceous-brown, paler towards the
apex and sometimes attenuated, smooth to asperulate or minutely
verruculose, walls slightly thickened; micronematous conidiophores
filiform or narrowly cylindrical-oblong, about 2 um wide, paler and
narrower, subhyaline or pale olivaceous-brown, mostly with a
single apical scar. Conidiogenous cells integrated, mainly terminal,
cylindrical-oblong, sometimes slightly geniculate-sinuous towards
the apex, 22-38 um long, smooth or almost so, with 2-4 apical
loci, protuberant, subdenticulate, sometimes situated on peg-like
prolongations, 1-2 pm diam, thickened and darkened-refractive.
Ramoconidia cylindrical-oblong, 15-50 x 3-4 um, 0(-1)-septate,
concolouress with tips of conidiophores, smooth or almost so, base
broadly truncate, (2.2-)2.5-3(-3.2) um wide, unthickened. Conidia
catenate, in branched chains, up to 8(-10) conidia in the terminal
unbranched part of the chain, small terminal conidia obovoid,
4.5-7(-8) x 2-3(-3.5) ym (av. £ SD: 5.6 £ 1.0 x 2.6 £ 0.5), intercalary
conidia ovoid, fusiform to ellipsoid, 5-11(-13) x 2.5-3(-4) um (av.
+ SD: 8.0 £ 21 x 2.8 £ 0.4), aseptate, secondary ramoconidia
ellipsoid, fusiform, subcylindrical, (7.5-)9-26(-37) x (2.5-)3-4(-5)
pm (av. + SD: 18.3 £ 6.6 x 3.4 + 0.6), 0(-1)-septate, very rarely
with a second septum, not constricted at septa, subhyaline to pale
olivaceous-brown, smooth to minutely verruculose or irregularly
rough-walled (LM), under SEM loosely verruculose or surface with
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irregularly reticulate structure or embossed stripes probably caused
by diminishing turgor and shriveling of tender conidia, walls slightly
thickened, attenuated towards apex and base, hila protuberant,
subdenticulate, 0.8-2 um diam, thickened and darkened-refractive;
microcyclic conidiogenesis not observed.

Culture characteristics: Colonies on PDA attaining 48-53 mm
diam after 14 d, olivaceous-grey, iron-grey or grey-olivaceous at
margins, sometimes zonate, reverse leaden-grey, greyish blue to
iron-grey, powdery to fluffy or hairy, margin white, narrow, glabrous,
aerial mycelium abundantly formed, dense, fluffy and high in colony
centre, growth flat to low convex with somewhat elevated colony
centre, without prominent exudates, sporulation profuse. Colonies on
MEA reaching 45-64 mm diam after 14 d, olivaceous-grey to pale
greenish grey, reverse olivaceous-grey to iron-grey, powdery to fluffy,
margin white to smoke-grey, narrow, regular, glabrous to feathery,
sometimes radially furrowed, aerial mycelium abundant, several
prominent exudates formed appearing blackish, sporulation profuse.

Substrates and distribution: On plant material; Asia (India), Europe
(Portugal), North America (USA).

Additional specimens examined: India, isol. from Eucalyptus leaf litter (Myrtaceae),
1 Mar. 2004, coll. W. Gams, isol. PW. Crous (CBS 126339 = CPC 11158). Cf.
asperulatum: USA, isol. from grape bud, F. Dugan (208 db sci 1= CBS 113744).

Notes: Cladosporium asperulatum is phylogenetically close to C.
myrtacearum forming a distinct sister clade (see Bensch et al.
2010, fig. 1, part a). Morphologically this species is comparable
with C. subtilissimum, but differs in having 0-12-septate, somewhat
longer conidiophores and narrower conidia (Schubert et al. 2007b).
An isolate from North America (CBS 113744) is morphologically
and phylogenetically slightly distinct from the other two isolates
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Fig. 44. Cladosporium asperulatum (CBS 126340). A-B. Conidiophores and very
young conidia (A). C-D. Conidia and details of scars on a secondary ramoconidium.
E. Conidia with sparse ornamentation. Note the round conidium-initial. F. Whorl
of secondary ramoconidia formed at the tip of a conidiophore. G. Details of
ornamentation showing loosely irregularly reticulate structures. H. Secondary
ramoconidia. |. Overview of a conidiophore with scars on the tip of the conidiophore.
J. Swollen cells at agar surface giving rise to conidiophores. Note the scar on the
root structure. Scale bars = 1 (D), 2 (G), 5 (A, C, E-F, H-J), 10 (B) pym.

and only tentatively assigned to the present species (Bensch et al.
2010, fig. 1, part a).

18. Cladosporium astroideum Ces., Flora 36: 204. 1853
var. astroideum. Fig. 45.

Lectotype (designated here): Italy, on dead stems of Alisma sp.
(Alismataceae) and leaves and stems of Typha sp. (Typhaceae),
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1852, Cesati, Klotzsch, Herb. Viv. Mycol. 1787 (HAL). Isolectotypes:
Klotzsch, Herb. Viv. Mycol. 1787 (e.g., HBG, M).

= Cladosporium acaciae Reichert, Bot. Jahrb. Syst. 56: 720. 1921 [holotype:
B 700006135].

= Cladosporium herbarum var. indutum Thiim., Mycoth. Univ., Cent. XVI, No.
1571. 1880 [syntypes: e.g. HBG].

= Cladosporium juglandis Pass., in herb. [B 700006561]

Lit.: Saccardo (1886: 366), Lindau (1907: 813), Ferraris (1912:
337), Zhang et al. (1999b: 37-38; 2003: 50-51).

lll.: Zhang et al. (1999b: 37, fig. 2; 2003: 50, fig. 24).

Exs.: Ellis & Everhart, Fungi Columb. 789; Ellis & Everhart, N.
Amer. Fungi 650; Klotzsch, Herb. Viv. Mycol. 1787; Marcucci, Unio
Itin. Crypt. VI; Saccardo, Mycoth. Ven. 586; Thiimen, Mycoth. Univ.
1571.

In vivo: Saprobic. Colonies small, punctiform to pustulate, subcircular
in outline to dendritic, sometimes subeffuse, scattered to confluent,
forming diffuse layers, dark brown to black. Mycelium internal
and external; immersed hyphae forming strands or small to large
stromatic hyphal aggregations, immersed to erumpent, composed
of swollen hyphal cells, 2.5-17 um diam, superficial hyphae simple
or branched, 3-10 um wide, septate, thick-walled, 0.5-1.5 ym wide,
at first subhyaline to pale olivaceous or olivaceous-brown, later pale
to medium dark brown, smooth to verruculose, septate, often with
constrictions at septa, sometimes effecting a monilioid appearance,
cells sometimes with distinct lumen. Conidiophores solitary or
loosely aggregated, caespitose, arising from immersed hyphae,
swollen hyphal cells or stromata, or solitary, arising from superficial
hyphae, lateral, erect to decumbent, straight to curved, subcylindrical
to geniculate-sinuous, rarely subnodulose, simple or occasionally
branched, 10-120 x 2-8 um, continuous to pluriseptate, pale to
medium dark brown or olivaceous-brown, sometimes paler towards
the tip, smooth- to rough-walled, walls 0.5-1.5 ym wide, sometimes
distinctly two-layered, cells often with distinct, clearly delineated
lumen, so that the conidiophores appear to be very thick-walled.
Conidiogenous cells integrated, terminal, occasionally intercalary,
10-30 um long, conidiogenous loci distinctly coronate, 1-2.5 ym
diam, protuberant, denticle-like. Conidia solitary or usually in simple
or branched chains, secondary ramoconidia common, broadly
ellipsoid-ovoid, obovoid, fusiform, subcylindrical, (5-)8-35(—40) x (4—
)5-10(-12) um, (0-)1-4(-6)-septate, often somewhat constricted at
septa, rarely with 1(-2) oblique or longitudinal septa or septa mixed
with a few distosepta, small aseptate terminal conidia subhyaline
to pale olivaceous, septate secondary ramoconidia or intercalary
conidia pale to medium dark brown or olivaceous-brown, smooth-
to somewhat rough-walled, walls thin to usually thickened, 0.5-2.5
pm, thick walls sometimes distinctly two-layered, cells often with
distinct lumen, ends rounded or somewhat attenuated, hila coronate,
somewhat protuberant, 1-2 um diam or (1-)1.5-2.5 ym wide and 1
um high; germination and microcyclic conidiogenesis occurring.

Substrates and distribution: On dead fruits, leaves and stems;
Europe (Germany, Greece, ltaly, Slovenia), North Africa (Egypt),
North America (USA, CA, IL, NJ).

Additional specimens examined: Egypt, Alexandria, Gabbarey, on dead stems of
Typha angustifolia (Typhaceae), 1920, G. Maire, Plantes d'Egypte (HBG); El-Tor,
on dead leaves of Dichanthium foveolatum (= Andropogon foveolatus) (Poaceae),
Feb. 1903, R. Muschler, Iter sinaicum (HBG). Germany, Berlin, zoo, on dead leaves
of Acer saccharinum (Sapindaceae), 5 Nov. 1871, P. Magnus (HBG); Brandenburg,
Potsdam, Caputh, on dead leaves of Phragmites australis (Poaceag), 20 Dec. 1877,
P. Magnus (B 700006477). Greece, Rhodos, Kahiram, on dry pods of Vachellia
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Fig. 45. Cladosporium astroideum var. astroideum (HAL). Mycelium, conidiophores
and conidia in vivo. Scale bar = 10 um. U. Braun del.

farnesiana (= Acaciafarnesiana) (Fabaceae), Feb. 1822, Ehrenberg (B 700006135),
holotype of C. acaciae. Italy, Cagliari, botanical garden, on dead stems of Glebionis
coronaria (Asteraceae), 1866, Marcucci, Unio Itin. Crypt. VI (HBG); Emilia
Romagna, Parma, on dead leaves of Juglans regia (Juglandaceae), G. Passerini
(B 700006561); South Tirol, near Bozen, on dead leaves of Quercus pubescens
(Fagaceae), 13 Nov. 1910, W. Pfaff (HBG); Veneto, Treviso, Bosco Montello, on
dead leaves of Castanea sativa (Fagaceae), Sep. 1875, Saccardo, Mycoth. Ven.
585 (B 700006297). Slovenia, Krain (Carniolia), Laibach, on old leaves of Castanea
sativa, 20 Jan. 1877, W. Voss (B 700006289, HBG). USA, Carolina, Aiken, on dead
stems of Zea mays (Poaceae), 1877, H.W. Ravenel, Thiimen, Mycoth. Univ. 1571
(HBG); lllinois, on dead leaves of Typha latifolia, 15 Sep. 1993, R.A. Harper (HBG);
New Jersey, Newfield, on old fruits of Yucca filamentosa (Agavaceae), Sep. 1894,
Ellis & Everhart, Fungi Columb. 789 and N. Amer. Fungi 650 (HBG).

Notes: Zhang et al. (1999b) reported this species from China as
causal agent of leaf spots on Sagittaria sagittifolia, which is very
doubtful since C. astroideum is a saprobic fungus.

Cladosporium astroideum var. catalinense U. Braun, var.
nov. MycoBank MB800303. Fig. 46.

Etymology: Variety named after the island from which it was
collected.

Distinguished from var. astroideum by its conidiophores that are
verruculose below, somewhat narrower conidia, 3-8 pym, mostly
verruculose, sometimes with oblique or longitudinal septa.

Holotype: USA, California, Santa Catalina Island, Johnson’s

Landing, on dead stems of Foeniculum vulgare (Apiaceae), 24
Sep. 1920, L.W. Nuttall (F 1320003).
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Fig. 46. Cladosporium astroideum var. catalinense (F 1320003). Mycelium,
conidiophores, conidia and microcyclic conidiogenesis in vivo. Scale bar = 10 um.
U. Braun del.

Additional specimen examined: USA, Santa Catalina Island, Isthmus, on necrotic
capsules of Isomeris sp. (Cleomaceae), 25 Sep. 1920, L.W. Nuttall (F 1320000).

Notes: The North American collections are close to C. astroideum,
but differ in various details. We tentatively consider this fungus as
variety of the latter species. A reassessment of the whole complex
of C. astroideum, including cultures and sequence analyses, is
necessary to adequately define the status of this variety.

19. Cladosporium auriculae (Cooke) J.C. David, Mycol.
Pap. 172: 98. 1997. Fig. 47.

Basionym: Heterosporium auriculae Cooke, J. Roy. Hort. Soc. 27:
380. 1902.

= Heterosporium auriculae Cooke, Grevillea 16: 109. 1888, nom. inval.
(ICBN Art. 32.1).

Holotype: UK, without locality, on dead leaves of Primula auricula
(Primulaceae), without collector and date, ex herb. M.C. Cooke
[K(M) 146492)].

Lit.: Massee (1910), Saccardo (1913a: 1384).
Ill.: David (1997: 84, fig. 19 A-D).

In vivo: On necrotic leaves, probably saprobic, leaf spots not
evident. Colonies amphigenous, finely punctiform to subeffuse,
medium brown. Mycelium internal and external. Stromata
lacking. Conidiophores solitary to loosely aggregated, arising
from immersed swollen hyphal cells or superficial hyphae, erect,
straight to flexuous, cylindrical-filiform, neither distinctly geniculate-
sinuous nor nodulose, unbranched or occasionally branched,
about 100-350 x 3-8 pm, pluriseptate throughout, pale to medium
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Fig. 47. Cladosporium auriculae [K(M) 146492]. Conidiophores, conidiogenous cells
and conidia in vivo. Scale bar = 10 um. U. Braun del.

brown, often paler towards the apex, thin-walled, up to 1 um wide,
smooth or almost so to distinctly verruculose. Conidiogenous cells
integrated, terminal, occasionally intercalary, 10-40 um long,
usually not or barely geniculate, unswollen, but often subdenticulate
by protuberant conidiogenous loci, occasionally slightly swollen
or somewhat geniculate-sinuous, with 1-5 conidiogenous loci,
often crowded at the apex, 1.5-3 pm diam, distinctly coronate.
Conidia catenate, in simple or branched chains, subglobose,
ellipsoid-ovoid, obovoid, fusiform, (5-)9-16 x 3-6 um, secondary
ramoconidia up to 25 x 8.5 um, 0(-1)-septate, pale to medium
olivaceous or olivaceous-brown, thin-walled, < 1 ym wide, faintly
to usually distinctly verruculose, sometimes even verrucose, ends
rounded to attenuated, with a single basal and 1-4 terminal hila,
often somewhat protuberant, 1-2.5 pm diam, distinctly coronate.
Ramoconidia and microcyclic conidiogenesis not observed.

Substrate and distribution: On Primula auricula; UK.

Notes: David (1997) compared this species with C. cladosporioides,
which is, however, distinct by having smaller, above all narrower,
and smooth conidia. The verruculose conidia resemble those of C.
allicinum (= C. bruhnei) and C. herbarum, but the two species are
easily distinguishable by having distinctly nodulose conidiophores.
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Fig. 48. Cladosporium australiense (CBS 125984). Conidiophores, ramoconidia and
conidial chains, mycelium sometimes forming ropes in vitro. Scale bar = 10 ym. K.
Bensch del.

20. Cladosporium australiense Bensch, Summerell, Crous
& U. Braun, Stud. Mycol. 67: 24. 2010. Figs 48, 49.

Holotype: Australia, New South Wales, Douglas Park, S 34°10'50”
E 150°42'18", isol. from Eucalyptus moluccana (Myrtaceae), 2006,
coll. B.A. Summerell, isol. P.W. Crous (CBS H-20425). Ex-type
culture: CBS 125984 = CPC 13226.

lll.: Bensch et al. (2010: 24-25, figs 10-11).

In vitro: Mycelium immersed and superficial, abundant, hyphae
loosely to densely branched, sometimes anastomosing, filiform
to cylindrical-oblong or thicker hyphae irregular in outline due to
intercalary swellings and constrictions, 1-5 um wide, septate, often
slightly constricted, subhyaline to pale or medium olivaceous-
brown, smooth to verruculose or loosely rough-walled, rugose,
walls unthickened or slightly thickened in wider hyphae, rhizoid-
like, sometimes cells swollen, up to 7 um wide, often forming dense
ropes with hyphae entwined. Conidiophores macronematous,
solitary, arising terminally and laterally from hyphae, erect, slightly
flexuous, cylindrical-oblong, often very long, 48-285 x 3-4(-5)
um, seta-like, mostly neither geniculate nor nodulose, occasionally
subnodulose and slightly geniculate, unbranched or branched,
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Fig. 49. Cladosporium australiense (CBS 125984). A-B. Conidiophores and conidial chains. C. Conidiophore with a septate secondary ramoconidium still attached. D. Conidia.
Scale bars = 10 um.

branches 3-55 ym long, pluriseptate, not constricted at septa, pale
to medium olivaceous-brown, smooth, walls somewhat thickened,
about 0.5 pm wide, several cells with unusual cell structure having
one or few bigger cavities and protoplasm attached at cell walls
or forming distosepta. Conidiogenous cells integrated, terminal,
occasionally intercalary, cylindrical-oblong, neither geniculate
nor nodulose, 6-15(-40) pym long, with 1-4 loci at the apex or
1-3 loci in intercalary cells with loci situated mostly all at more or
less the same level, like a garland, conspicuous, subdenticulate,
1-2 um diam, somewhat thickened and darkened-refractive.
Ramoconidia occasionally formed, cylindrical-oblong, often hardly
distinguishable from secondary ramoconidia. Conidia catenate, in
branched chains, branching in all directions, up to 2-4(-5) conidia
in the terminal unbranched part of the chain, small terminal conidia
globose, subglobose to obovoid, 3-6 x 2-3 ym (av. £ SD: 4.2 +
0.9 x 2.5 £ 0.4), aseptate, rounded at the apex, intercalary conidia
ovoid, ellipsoid to subcylindrical, 5-14(-16) x 2.5-3(-4) um (av. *
SD: 9.1 £ 3.2 x 3.0 £ 0.4), 0-1-septate, not constricted at septa,
with 1-3 distal hila, secondary ramoconidia ellipsoid, subcylindrical
to cylindrical, (7-)11-25(-27) x 3-4 pym (av. + SD: 18.5 £ 5.1 x
34 £ 0.3), 0-1(-2)-septate, septum median or often somewhat
in the upper half, not constricted at septa, often with additional
distosepta, cells with one or few small to large cavities giving the
cells a somewhat thick-walled appearance, pale olivaceous to pale
olivaceous-brown, smooth, walls unthickened to slightly thickened,
slightly attenuated towards apex and base, hila conspicuous,
subdenticulate to denticulate, (0.5-)0.8-2 um diam, thickened and
darkened-refractive; microcyclic conidiogenesis not observed.

Culture characteristics: Colonies on PDA attaining 70-75 mm
diam after 14 d, pale olivaceous-grey, grey-olivaceous towards
margins, reverse greyish-blue to iron-grey, floccose to fluffy,
margins colourless to white, regular, somewhat feathery, aerial
mycelium abundant, forming loosely to densely floccose or fluffy
mats covering the whole colony, smoke-grey to pale olivaceous-
grey, growth low convex, without prominent exudates, sporulation
sparse. Colonies on MEA reaching up to 80 mm diam after 14
d, olivaceous-grey to pale olivaceous-grey, glaucous-grey due
to sporulation, reverse iron-grey, velvety to floccose, margins
colourless to white, regular, feathery, aerial mycelium abundant,
densely floccose, growth effuse, radially furrowed, without
prominent exudates, sporulating. Colonies on OA attaining 65-69
mm diam after 14 d, pale olivaceous-grey to pale greenish-grey,
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towards margins and few areas grey-olivaceous, with smaller
dots of smoke-grey, reverse pale mouse-grey with smaller dots or
patches of leaden-grey or iron-grey, velvety to floccose, margins
colourless, regular, glabrous, aerial mycelium abundant, dense,
forming expanded mats, floccose to fluffy, growth low convex,
without prominent exudates, sporulating.

Substrate and distribution: On Eucalyptus; Australia.

Notes: Cladosporium australiense pertains to the C. cladosporioides
complex and is morphologically close to the latter species s. str.,
but genetically clearly distinct, forming a separate clade in sister
position to C. xylophilum and C. verrucocladosporioides, and
differs in having conidiophores and secondary ramoconidia with
one or several bigger cavities and protoplasm attached at cell walls
or forming distosepta. Furthermore, the mycelium usually forms
dense ropes and secondary ramoconidia are 0-1-septate or may
have one or more distosepta.

21. Cladosporium basiinflatum Bensch, Crous & U. Braun,
Stud. Mycol. 67: 25. 2010. Figs 50, 51.

Holotype: Germany, on Hordeum vulgare (Poaceae) (CBS
H-20426). Ex-type culture: CBS 822.84.

Ill.; Bensch et al. (2010: 26-27, figs 12-13).

In vitro: Mycelium immersed, rhizoid, aerial mycelium sparsely
formed; hyphae sparingly branched, 4-7 uym wide, septate, not
constricted or often distinctly constricted at septa, medium to dark
brown, paler at the tips, at the base of the conidiophores distinctly
swollen and constricted at septa, 5-11 ym wide, medium to dark
brown, smooth to asperulate, thick-walled, sometimes forming
stromatic hyphal aggregations. Conidiophores macronematous,
solitary or in groups of two or three, rarely four, arising from swollen
hyphal cells or stromatic hyphal aggregations, erect, straight to
slightly flexuous, often quite rigid, seta-like, usually non-nodulose,
sometimes slightly head-like, unilaterally swollen at the apex, not
geniculate, cylindrical-oblong, distinctly attenuated towards the
apex, unbranched, 35-140 pym long, at the base 4-7(-8) um wide,
at the apex 3-4 ym wide, 1-6-septate, not constricted at septa,
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Fig. 50. Cladosporium basiinflatum (CBS 822.84). Mycelium, stromatic hyphal
aggregations, conidiophores often with foot-like swollen base and conidial chains in
vitro. Scale bar = 10 um. K. Bensch del.

medium to dark brown, paler towards the tip, smooth to minutely
verruculose, walls thickened, sometimes two-layered, especially
towards the base, about 1 um wide, often swollen at the base, foot-

. - =)

like. Conidiogenous cells integrated, terminal, cylindrical-oblong,
11-25 pm long, neither nodulose nor geniculate, with 2-3(-4) loci
at the apex, subdenticulate, protuberant, 1.2-2 uym diam, thickened
and darkened-refractive. Ramoconidia absent or only very rarely
formed. Conidia numerous, catenate, in long unbranched or basely
branched chains, up to 9(-11) conidia in the unbranched part,
straight, small terminal conidia and intercalary conidia obovoid,
ovoid to narrowly ellipsoid, 4-6(-7) x (2-)2.5-3 pm, intercalary
conidia (6.5-)7-10(-11) x 2.5-3.5(-4) pym (av. + SD: 8.4 + 1.3 x
3.0 + 1.3), aseptate, rounded at the apex or attenuated towards
apex and base, secondary ramoconidia ellipsoid to subcylindrical
or cylindrical, 10-23(-32) x 3-4.5(-5) ym (av. + SD: 15.0 + 4.7
x 4,0 + 0.4), mainly 4 pm wide, 0(-1)-septate, not constricted at
the median septum, pale brown to pale olivaceous-brown, distinctly
paler than conidiophores, smooth or almost so, walls unthickened
or almost so, slightly attenuated towards apex and base, hila
protuberant, often broadly truncate at the base, 1-2(-2.2) um
diam, somewhat thickened and darkenedrefractive; microcyclic
conidiogenesis occasionally occurring.

Culture characteristics: Colonies on PDA olivaceous-black to
grey-olivaceous due to profuse sporulation and mycelium, reverse
iron-grey to dark leaden-grey, felty-woolly, margin narrow, white,
feathery, aerial mycelium diffuse, loose, fluffy, without prominent
exudates, sporulation profuse, mainly in colony centre. Colonies on
MEA greenish olivaceous to grey-olivaceous, reverse olivaceous-
grey to iron-grey, powdery to fluffy or felty, margin white, feathery,
narrow, without prominent exudates, sporulation profuse. Colonies
on OA olivaceous-grey to dull green, with age olivaceous, reverse
iron-grey to sky-grey, woolly-felty, margin dull green, outermost

e S

Fig. 51. Cladosporium basiinflatum (CBS 822.84). A-D. Young conidiophores arising laterally from hyphae with conidial chains still attached. E-G. Older conidiophores formed
in pairs arising from distinctly swollen hyphal cells or stromatic hyphal aggregations and numerous conidia. H. A single ramoconidium and numerous conidia. |. A conidial chain

composed of intercalary and small terminal conidia. Scale bars = 10 um.
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margin colourless to white, feathery, aerial mycelium abundant,
felty-woolly, loose to dense, without prominent exudates,
sporulation profuse.

Substrate and distribution: On Hordeum; Germany.

Notes: Cladosporium basiinflatum, which clusters as a sister
to C. lycoperdinum and C. cladosporioides s. lat. (Bensch et al.
2010, fig. 1, part a), is part of the C. cladosporioides complex, but
differs from most species of this group by having mainly aseptate
conidia that are distinctly paler than conidiophores and dark
brown, thick-walled conidiophores with usually foot-like swollen
basal cells. Cladosporium gentianae is the only species which is
morphologically comparable with C. basiinflatum, but its conidia
are somewhat darker, verruculose or irregularly rough-walled, and
0-1(-3)-septate (Lobik 1928, Schubert 2005b).

22. Cladosporium borassi Hasija, Indian Phytopathol. 19:
373.“1966", 1967, as “borassir’. Figs 52, 53.

Holotype: India, Madhya Pradesh, Jabalpur, Howbagh, Coll.
Garden, on living leaves of Borassus flabellifer (Arecaceag), 7 Sep.
1964, S.K. Hasija (IMI 1094 16c).

Lit.: Schubert (2005b: 46-47).
Ill.: Hasija (1967: 375, fig. 2), Schubert (2005b: 47, fig. 10, pl. 4,
figs F-H).

In vivo: Leaf spots amphigenous, at first as brown pinhead spots
on the upper region of the leaves, later extending, irregular in size,
effuse, fading, turning yellowish to pale brown or pale reddish brown,
surrounded by a narrow, reddish brown to medium brown margin.
Colonies amphigenous, scattered, caespitose, loose to dense,
dark brown to blackish. Mycelium internal, immersed, subcuticular
to intraepidermal; hyphae branched, 2-4 pym wide, septate, often
with small swellings, nodulose, subhyaline to pale olivaceous, walls
slightly thickened. Stromata composed of subglobose, angular or
somewhat irregular cells, 5-10 ym wide, pale to medium brown
or yellowish brown, walls slightly thickened, sometimes forming
extended stromatic layers. Conidiophores in loose to dense fascicles,
arising from stromata, erumpent through the cuticle, erect, straight
to flexuous, sometimes slightly geniculate-sinuous, subnodulose
or nodulose, small swellings up to 6 uym wide, often connected
with conidiogenesis, unbranched, 40-105(-150) x 4-55 um,
pluriseptate, olivaceous-brown to medium brown, somewhat paler
towards the apex, smooth, walls thickened, sometimes distinctly two-
layered, up to 1 um wide, often swollen at the base, up to 8 um wide.
Conidiogenous cells integrated, terminal or intercalary, proliferation
sympodial, with numerous conidiogenous loci, often situated on smalll
multilateral swellings, small, often not very conspicuous, truncate to
slightly convex, 0.5-1(-1.5) um diam or smaller, slightly thickened,
somewhat darkened-refractive. Conidia catenate, in unbranched
or branched chains, straight, subglobose, ellipsoid, subcylindrical,
3-10(-14) x 2.5-6 ym, 0-1-septate, septum more or less median,
sometimes slightly constricted at the septum, pale brown, smooth,
walls slightly thickened, truncate at the base, hila very small, up to 1
pm diam, slightly thickened, somewhat darkened-refractive.

Substrate and distribution: On Borassus flabellifer; India.
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Fig. 52. Cladosporium borassi (IMI 109416c). Internal mycelium, fascicle of
conidiophores and conidia in vivo. Scale bar = 10 um. K. Bensch del.

™

Fig. 53. Cladosporium borassi (IMI 109416¢). A. Symptoms. B. Fascicle of
conidiophores. C. Nodulose conidiophores. Scale bars = 10 (C), 20 (B) um.

Notes: Cladosporium borassi has subnodulose or nodulose
conidiophores as do species of the C. herbarum complex, but is
quite distinct by its smooth conidia and narrower conidiogenous
loci and hila.

23. Cladosporium bosciae (Sacc.) K. Schub.,
Schlechtendalia 14: 58. 2006. Figs 54, 55.
Basionym: Cladosporium compactum f. bosciae Sacc., Ann. Mycol.

8: 340. 1910.
= Cladosporium compactum var. bosciae (Sacc.) Sacc., Syll. Fung. 22:
1367. 1913.

Holotype: Eritrea, Barca, Agordat, alt. 640 m, on Boscia
senegalensis (Capparaceae), 23 Feb. 1909, A. Fiori (PAD).

Lit.: Schubert (2005b: 47-48).
Ill.; Schubert (2005b: 49, fig. 11, pl. 6, figs A-E), Schubert et al.
(2006: 59, fig. 2).

In vivo: Leaf spots amphigenous, numerous, punctiform, up to 2
mm wide, often somewhat irregular and limited by larger leaf veins,
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Fig. 54. Cladosporium bosciae (PAD). Conidiophores and conidia in vivo. Scale bar
=10 um. K. Bensch del.

grey brown to dark brown or almost blackish, later confluent, then
leaves with a somewhat spotted appearance, spots surrounded by
a narrow, reddish or pale reddish brown, irregular margin, cuticle

of the diseased leaves seemingly destroyed or dislodged, looking
like the damage caused by insects, yellowish ochraceous. Colonies
usually hypophyllous, on the upper leaf surface sparingly developed,
scattered, dense, caespitose, red-brown to dark brown, velvety.
Mycelium internal, immersed; hyphae branched, 3.5-4.5 ym wide,
septate, sometimes slightly constricted at the septa, pale olivaceous
to olivaceous-brown, smooth, walls somewhat thickened, often
somewhat wider and darker at the base of conidiophores. Stromata
intraepidermal composed of subglobose to somewhat angular,
thick-walled cells, 5-12 pm wide, olivaceous-brown, smooth.
Conidiophores solitary or in loose groups, arising from stromata or
from swollen hyphal ropes, erect, more or less straight, cylindrical-
oblong, unbranched, rarely branched, 35-130 x 4.5-7(-9) um,
septate, sometimes slightly constricted at the septa, olivaceous-
brown, smooth or sometimes faintly asperulate, walls thickened,
sometimes even distinctly two-layered, mostly somewhat paler and
attenuated towards the apex. Conidiogenous cells integrated, at first
terminal, later intercalary, cylindrical, 10-35 pm long, proliferation
sympodial, with one or only few conidiogenous loci, subdenticulate,
truncate to slightly convex, 1.5-2.5 ym diam, thickened, more or less
darkened-refractive. Conidia in branched chains, polymorphous,
small terminal conidia subglobose, ovoid, obovoid, ellipsoid,
subcylindrical, 4-11 x 2.5-5(-6) uym, 0-1-septate, larger intercalary
conidia ellipsoid, fusiform, cylindrical 10-20 x 3.5-6(~7) um,
(0-)1-3-septate, ramoconidia and secondary ramoconidia oblong,
ellipsoid-cylindrical, 18-40 x 4.5-8 pm, 1-6(-8)-septate, not to
slightly constricted at the septa, pale olivaceous, olivaceous-brown
to brown, smooth or almost so, sometimes faintly rough-walled,

Fig. 55. Cladosporium bosciae (PAD). A. Conidiophores. B. Chain of conidia. C. Conidia. D, E. Conidia showing cell structure, with paler cavity in the centre of the cells. Scale

bars =10 (B-E) pym
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walls slightly to distinctly thickened, in the centre often with distinct
lumen, surrounded by the somewhat darker protoplasm, similar to
distoseptation, apex rounded to attenuated, hila truncate to slightly
convex, 1-2.5 uym diam, thickened, somewhat darkened-refractive;
microcyclic conidiogenesis not observed.

Substrate and distribution: On Boscia senegalensis; Eritrea.

Notes: The biology of Cladosporium bosciaeis still unknown, i.e., itis
unclear if this species is biotrophic or saprobic. It is morphologically
well distinguished from all other species of Cladosporium including
the common saprobic species C. herbarum, C. oxysporum and C.
cladosporioides.

24. Cladosporium brassicae (Ellis & Barthol.) M.B. Ellis,
More Dematiaceous Hyphomycetes: 340. 1976. Fig. 56.
Basionym: Cladotrichum brassicae Ellis & Barthol., Trans. Kansas
Acad. Sci. 16: 167. 1899.

= Heterosporium brassicae (Ellis & Barthol.) Arx, Genera Fungi Sporul.
Pure Cult., Ed. 3: 305. 1981.

Lectotype (designated here): USA, Kansas, Rooks Co., on old
leaves of Brassica oleracea (Brassicaceae), 22 Apr. 1897, E.
Bartholomew 2399 (NY). Isolectotypes: NY; Ellis & Everhart, N.
Amer. Fung. 3589 (e.g., K, IMI 99694, NY) and Ellis & Everhart,
Fungi Columb. 1274 (e.g. NY).

Lit.. David (1997: 82), Zhang et al. (2003: 55-56).

IIl.: Ellis (1976: 341, fig. 259 A), David (1997: 83, fig. 18; 84, fig. 19
E-G), Zhang et al. (2003: 55, fig. 28).

Exs.: Ellis & Everhart, Fungi Columb. 1274; Ellis & Everhart, N.
Amer. Fung. 3589.

In vivo: Leaf spots amphigenous, but usually more densely fruiting
on the upper leaf surface, patches at first more or less discrete,
1-2.5 mm diam, circular to ellipsoid, later extending and often
confluent, 1-2 cm diam, covering large areas of the leaf surface,
dark olivaceous to brown, without margin. Colonies amphigenous,
short caespitose, dense, velvety. Mycelium immersed, subcuticular
to intraepidermal; hyphae sparingly branched, 4-8 ym wide, septate,
subhyaline to pale olivaceous, sometimes slightly constricted at
septa, walls smooth and only slightly thickened, forming hyphal
aggregations and stromata. Stromata at first small, consisting of
only few swollen hyphal cells, later extended but only few layers
deep, swollen hyphal cells 7-13 um wide, subglobose to somewhat
angular, pale to medium olivaceous or olivaceous-brown, smooth,
thick-walled. Conidiophores in small to large, loose to somewhat
dense fascicles, often effuse, forming extended layers, arising from
swollen hyphal cells or stromata, emerging through stomata or
erumpent through the cuticle, erect, straight to more or less flexuous,
geniculate, once or usually several times, often closely so, nodulose,
but not distinctly nodose, unbranched, occasionally branched, usually
only once at the apex of conidiophores, such branches often being
more like short lateral protuberances, 30150 x 5-10 ym, 10-12 ym
wide at swellings, 1-4-septate, usually one in the lower third, pale
olivaceous to pale medium olivaceous-brown or sometimes reddish
brown, darker towards the base and paler towards the apex, smooth,
occasionally somewhat rough-walled towards apex or near scars,
walls somewhat thickened, up to 1 ym wide, less thickened towards
the apex. Conidiogenous cells integrated, terminal or intercalary,
geniculate, nodulose, with conidiogenous loci confined to swellings,
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Fig. 56. Cladosporium brassicae (NY). Fascicle of conidiophores and conidia in
vivo. Scale bar = 10 um. K. Bensch del.

often very long, up to 70 pm, proliferation sympodial, with a single or
up to four conidiogenous loci, loci sessile to protuberant, 2-3.5 um
diam, thickened and somewhat darkened-refractive. Conidia solitary
or catenate, in short, unbranched chains, broadly ovoid, ellipsoid
to cylindrical, straight, (7-)10-32(-40) x (7-)9-16 um, mainly
0-1-septate, often with a second subsidiary septum, occasionally
3-septate, not to sometimes slightly constricted, concolorous with
conidiophores, coarsely verrucose to echinulate, walls somewhat
thickened, up to 1.5 pm wide including ornamentation, both ends
rounded, hila sessile, apparently somewhat immersed, to slightly
protuberant, 2-3.5 um diam, thickened and darkened-refractive;
microcyclic conidiogenesis not observed.

Substrates and distribution: On Brassica and Thelypodium spp.
(Brassicaceae), Asia, North America — Brassica oleracea (USA,
KS), Brassica oleracea subsp. gongylodes (= B. caulorapa)
(China), B. rapa (B. campestris) (China), Thelypodium sagittatum
(USA, UT).

Additional specimens examined: USA, Utah, Sevier Co., T 238, R2W, Sec 23, ca. 1
mile north of Glenwood, 5400 f., on Thelypodium sagittatum (Brassicaceae), 25 Apr.
1979, Welsh, Welsh & Moore, det. C.T. Rogerson (NY).

Notes: Cladosporium brassicae was until now only known from type
collections. An additional collection on Thelypodium sagittatum from
North America could be examined and proved to be conspecific.
Conidia were 1-3-septate and the conidiophores were somewhat
darker, reddish brown but agreed well with the concept of the
species concerned. Therefore, Thelypodium sagittatum is a new
host. Brassica oleracea subsp. gongylodes (= B. caulorapa), B.
rapa (= B. campestris) and Crepidiastrum denticulatum (= Ixeris
denticulata) (Asteraceae) have been recorded as hosts from China
(Zhang et al. 2003).

Type material of C. brassicicola Sawada, an invalid name
published without Latin diagnosis (Sawada 1959), could not
be traced. Therefore, the taxonomic status of this species,
described from Taiwan on leaves of Brassica juncea, is uncertain.
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Cladosporium brassicae is distinguished from the latter taxon by
its coarsely verrucose or echinulate, much wider conidia, 10-14
um wide.

David (1997) classified the lectotype material as holotype,
which was, however, not correct. Several duplicates (syntypes)
of the original collection had been distributed in exsiccata, and no
holotype was designated in the original publication.

25. Cladosporium buteicola (“buteacola”) Cooke, Grevillea
5(33): 15. 1876. Fig. 57.

Holotype: India, on pods of Butea monosperma (= B. frondosa)
(Fabaceae), 1876, Hobson 113 [K(M) 121548].

Lit.: Saccardo (1886: 353), Ellis (1976: 343).
IIl: Cooke (1876: pl. 74, fig. 10), Ellis (1976: 343, fig. 260 B).

In vivo: Colonies on pods, effuse or thin patches, olivaceous-brown.
Mycelium internal and external; superficial hyphae branched,
2-10 ym wide, septate, without or sometimes with constrictions at
septa, olivaceous-brown, smooth or almost so, walls thin to slightly
thickened, forming swollen hyphal cells, 3—12 pm diam, sometimes
aggregations of such cells, but true well-developed stromata
lacking. Conidiophores solitary or in small, loose groups, arising
from immersed or superficial hyphae or aggregations of swollen
hyphal cells, erect, straight, flexuous, filiform, barely or only slightly
geniculate-sinuous, unbranched, 20-300 ym long, 4-10 ym wide
below and 2.5-5 um wide in the upper half, pluriseptate throughout,
pale to medium olivaceous-brown, at first smooth, later becoming
verruculose, above all in the lower half, walls 0.5-1 ym wide.
Conidiogenous cells integrated, terminal, 10-30 pm long, not or
only slightly geniculate or subdenticulate, with a single or several
conidiogenous loci, distinctly coronate, 1-2 pm diam, somewhat
protuberant. Conidia catenate, in simple or branched chains,
ellipsoid-ovoid, subcylindrical, pyriform, fusiform, small terminal
and intercalary conidia 4-18 x 2-6 ym, 0-1-septate, secondary
ramoconidia 8-30(-55) x 4-8(-10) ym, 0-3(-4)-septate, pale

Fig. 57. Cladosporium buteicola [K(M) 121548]. Mycelium, conidiophores and
conidia in vivo. Scale bar = 10 um. U. Braun del.
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olivaceous to olivaceous-brown, smooth to faintly rough-walled,
walls thin to slightly thickened, up to 1 um wide, ends rounded
to attenuated, hila 1-2 pym diam; germination and microcyclic
conidiogenesis occurring.

Substrate and distribution: On Butea monosperma; India.

Notes: This species is only known from the type collection. It is
morphologically close to C. delicatulum, also described by Cooke
from India, but differs in forming abundant superficial hyphae with
solitary conidiophores. Furthermore, distinct lumina in cells of the
conidiophores and conidia are lacking.

26. Cladosporium caraganae K. Schub., U. Braun & H.D.
Shin, Schlechtendalia 16: 63. 2007. Figs 58, 59.

Holotype: South Korea, Jinju, Gazwa Arboretum, Forestry
Research Institute, on dead but not fallen leaves of Caragana
sinica (Fabaceae), 15 Oct. 2003, H.D. Shin (HAL 2008 F).

lll.: Braun & Schubert (2007: 64, fig. 2).

In vivo: Leaf spots amphigenous, on the upper leaf surface
subcircular to irregular, about 2 mm diam, grey to blackish, on the
lower leaf surface forming blackish patches, not distinctly limited,
somewhat dendritic towards the margin. Colonies hypophyllous,
effuse, dense, grey to dark olivaceous-brown, velvety. Mycelium
internal, subcuticular to intraepidermal, later also external; hyphae
unbranched or branched, 2-7 uym wide, septate, often slightly to
distinctly constricted at septa, sometimes with swellings, up to 9(-
13) um wide, subhyaline to pale olivaceous or olivaceous-brown,
smooth, walls mostly thickened, cells often with small oil droplets or
appearing granulated, forming loose to dense hyphal aggregations.
Stromata lacking. Conidiophores solitary, arising from superficial

Fig. 58. Cladosporium caraganae (HAL 2008 F). Conidiophores arising from
superficial hyphae and conidia in vivo. Scale bar = 10 um. K. Bensch del.
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Fig. 59. Cladosporium caraganae (HAL 2008 F). A. Superficial hyphal ropes giving rise to conidiophores. B. Details of scar structure on a secondary ramoconidium and conidia.
C. Tip of a conidiophore with smooth, catenate conidia. Scale bars = 10 (B-C), 20 (A) pym.

hyphae, laterally from creeping hyphae or terminally from ascending
hyphae, erect, straight to slightly flexuous, non-nodulose,
sometimes distinctly geniculate towards the apex, unbranched,
occasionally apically branched, 30-200(-250) x 3-6(-7) pm,
septate, occasionally slightly constricted at septa, pale olivaceous
or olivaceous-brown, paler towards the apex, sometimes almost
hyaline, smooth, sometimes slightly rough-walled, walls thickened,
up to 1 um wide, thinner-walled towards the apex. Conidiogenous
cells integrated, terminal but also intercalar, cylindrical-oblong,
10-55 pm long, sometimes geniculate, proliferation sympodial,
with a single or usually several denticulate conidiogenous loci,
often crowded, protuberant, 1.5-2.5(-3) um diam, thickened and
somewhat darkened-refractive. Conidia catenate, in unbranched or
branched chains, straight, ellipsoid, fusiform or cylindrical, 5-35(-
55) x (2.5-)3.5-6.5(-7.5) um, 0-4(-5)-septate, occasionally slightly
constricted at septa, subhyaline, pale olivaceous or olivaceous-
brown, smooth, walls unthickened or somewhat thickened, slightly
attenuated towards the base, cells with oil droplets appearing
granular, hila 1-2 pm diam, thickened and darkened-refractive;
microcyclic conidiogenesis occurring.

Substrate and distribution: On Caragana sinica; South Korea.

Notes: Cladosporium caraganae belongs to a group of leaf-spotting
Cladosporium species morphologically close to C. cladosporioides,
C. psoraleae and C. vignae but easily distinguishable from those
species by its 0—4-septate conidia and loose to dense hyphal
aggregations.

27. Cladosporium carpesii Sawada, Bull. Gov. Forest Exp.
Sta. 105: 93. 1958.

Holotype: Japan, Iwate Prefecture, Morioka, on leaves of
Carpesium abrotanoides var. thunbergianum (Asteraceae), 12
Sep. 1947, K. Sawada (herb. Univ. lwate, Japan).

In vivo: Leaf spots circular to variable in shape, 3—10 ¢cm diam,
greenish yellow, margin indefinite, finally with brownish centre.
Mycelium internal or epidermal. Stromata lacking or only composed
of a few swollen hyphal cells, brown. Conidiophores solitary,
arising from swollen hyphal cells, erumpent through the cuticle,
erect, assurgent to the leaf hairs or creeping on the leaf surface,
flexuous, cylindrical, unbranched, rarely 1-2 times branched, 48—
250 x 3.4-5.8 um, pluriseptate, not constricted at septa, brown,
smooth to minutely verruculose, thick-walled. Conidiogenous cells
integrated, terminal and intercalary, with a few conidiogenous loci
per conidiogenous cell, conspicuously protuberant, at intercalary
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conidiogenous cells somewhat on shoulders, 1.5-2.2 ym wide, 1-2
um high, darkened, refractive. Conidia catenate, in unbranched
chain, ramoconidia not observed, straight, fusiform, ovoid to
ellipsoid, 8-14 x 4-8 uym, usually aseptate, not constricted at septa,
pale brown to brown, slightly verruculose, apex slightly attenuated,
protuberant, hila 1-1.5 pym diam.

Substrate and distribution; On Carpesium; Japan.

Notes: Type material of C. carpesii has been traced in the herbarium
of the Iwate University, Japan (without acronym). C. Nakashima re-
examined the type material and prepared the current description.

28. Cladosporium cassiae-surathensis J.M. Yen, Bull.
Soc. Mycol. France 97(3): 130-131. 1981. Figs 60-62.

Holotype: Singapore, Bukit Timah, on living leaves of Senna
surattensis (= Cassia surattensis) (Fabaceae), 29 Mar. 1970, G.
Lim, No. 45 (LAM: Yen Herb., No. 10541).

Lit.: Braun & Freire (2004: 222), Schubert (2005b: 49-51).
Ill.: Yen (1981: 130, fig. 1), Schubert (2005b: 50-51, figs 12-13, pl.
7, figs A-F).

In vivo: Leaf spots amphigenous, subcircular, oval-oblong to
irregular, 1-8 mm wide, sometimes covering large areas of the leaf
surface, small spots brown, larger ones with a pale brown centre,
surrounded by a narrow, somewhat raised, dark brown, reddish
brown to blackish margin, spots somewhat paler on the lower leaf
surface. Colonies amphigenous, punctiform, scattered, loosely
caespitose, brown, not velvety. Mycelium internal, subcuticular to
intraepidermal, later also external, growing superficially; hyphae
sparsely branched, 3—4 um wide, septate, not constricted at the
septa, pale brown or somewhat darker at the base of conidiophores,
smooth, walls slightly thickened, often single cells swollen, up to 8
um. Stromata subcuticular to intraepidermal, small, up to 25 ym
wide, flat, only few layers deep, composed of swollen, subcircular
to somewhat angular, thick-walled cells, 5-9 pm diam, pale
brown to medium brown, sometimes even dark brown, smooth.
Conidiophores solitary arising from internal and external hyphae
or swollen hyphal cells, or in small, loose fascicles (up to 10)
arising from stromata, erumpent through the cuticle, erect, straight
to somewhat flexuous, cylindrical, unbranched, rarely branched,
20-100 x 3-5 um, septate, not constricted at the septa, pale brown
to mostly medium or even dark brown, somewhat paler towards the
apex, smooth, sometimes slightly rough-walled, walls thickened,
usually distinctly two-layered, up to 1 um wide, often swollen at
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Fig. 60. Cladosporium cassiae-surathensis. Original drawing from Yen (1981). A-D. Conidiophores. E-H. Conidia. I-J. Germinating conidia. K. Uredospores parasitised by
germ tubes of conidia.

Fig. 61. Cladosporium cassiae-surathensis (HAL). Conidiophores and conidia in vivo. Scale bar = 10 um. K. Bensch del.
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Fig. 62. Cladosporium cassiae-surathensis (HAL). A. Symptoms on leaves of
Chamaecrista sp. B. Fascicle of conidiophores. C. Tip of a conidiophore with still
attached conidia. D. Fascicle of conidiophores, conidiophores with percurrent,
enteroblastic proliferations. E. Conidiophore with terminal conidiogenous cell with
numerous, small conidiogenous loci crowded near the apex. F. Conidia. Scale bars
=5(C), 10 (D-F), 50 (B) pm.

the base, up to 8 ym wide, often enteroblastically proliferating.
Conidiogenous cells integrated, terminal or intercalary, cylindrical,
5-16 um long, proliferation sympodial, cicatrised, with numerous
small conidiogenous loci, often crowded near the apex, slightly
convex, up to 1 um diam, more or less thickened, not to slightly
darkened-refractive. Ramoconidia ellipsoid to subcylindrical, 9-14
x 3-4.5 um, mostly 1-septate, darker, concolorous with the tips of
conidiophores, walls somewhat thicker as in conidia, with mostly
several conidiogenous loci, base broadly truncate, 2 um wide,
unthickened. Conidia catenate, in unbranched or branched chains,
straight to slightly curved, subglobose, ovoid, ellipsoid-ovoid,
3-11 x 2-4 ym, 0-1-septate, not constricted at the septa, very
pale to pale brown, smooth, walls slightly thickened, ends more
or less rounded, hila truncate to slightly convex, up to 1 um diam,
thickened, not to slightly darkened.

Substrates and distribution: On Senna and Chamaecrista spp.
(Fabaceae), Asia, South America — Chamaecrista sp. (Brazil),
Senna surattensis (Singapore).

Additional specimen examined: Brazil, State of Ceara, Cascavel County, Preaoca
district, on Chamaecrista sp., 30 Aug. 2003, F. Freire (HAL).

Notes: The present description is mainly based on a single collection

from Brazil on leaves of Chamaecrista sp. (Cassia s. lat.) that
agreed well with the original description of C. cassiae-surathensis
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Fig. 63. Cladosporium chalastosporoides (CBS 125985). Conidiophores, conidia in
long unbranched or dichotomously branched chains and microcyclic conidiogenesis
in vitro. Scale bar = 10 um. K. Bensch del.

except for somewhat longer conidiophores, formed singly as well
as in small loose fascicles arising not only from external hyphae
but also from internal hyphae, swollen hyphal cells and from small
stromata as well as microcyclic conidiogenesis observed by Yen
(1981). Yen (1981) also noted that the germinating conidia may
occasionally penetrate germ pores of uredospores of Uredo
cassiae-surathensis occurring on the same leaves.

29. Cladosporium chalastosporoides Bensch, Crous & U.
Braun, Stud. Mycol. 67: 27. 2010. Figs 63-65.

Holotype: South Africa, Western Cape Province, Jonkershoek
Nature Reserve, isol. from fruiting bodies of Teratosphaeria proteae-
arboreae (Teratosphaeriaceae) on leaves of Protea nitida [= P
arborea] (Proteaceae), 4 Jan. 2007, P.W. Crous (CBS H-20427).
Ex-type culture: CBS 125985 = CPC 13864.

Ill.: Bensch et al. (2010: 28-29, figs 14-16).

In vitro: Mycelium immersed and superficial; hyphae unbranched
or loosely branched, 1-3 pym wide, septate, not constricted at
septa, pale to pale medium olivaceous-brown, almost smooth
to usually minutely verruculose, walls unthickened or almost
so. Conidiophores solitary, macronematous, arising terminally
and laterally from hyphae, erect, straight to somewhat flexuous,
cylindrical-oblong, sometimes with constrictions, attenuations and
swellings which give the conidiophores an irregular appearance,
often slightly to distinctly geniculatesinuous, usually once,
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Fig. 64. Cladosporium chalastosporoides (CBS 125985). A-B. Conidiophores and conidia. C-D. Conidial chains. Scale bars = 10 pym.

unbranched or once branched, below the apex or at a lower
level, 30-80 x (2-)2.5-3.5(-4) um, 1-4-septate, not constricted
at septa, medium olivaceous-brown, smooth, walls unthickened
or only very slightly thickened, occasionally slightly attenuated
towards the apex. Conidiogenous cells integrated, mainly terminal
but also intercalary, cylindrical, often geniculatesinuous, 6-20 pm
long, 1-2(-4) loci at or towards the apex, sometimes situated on
small lateral prolongations, subdenticulate to denticulate, 1-1.5 um
diam, central dome and periclinal rim not very conspicuous, loci
flat, somewhat thickened and darkened-refractive. Ramoconidia
formed, hardly distinguishable from secondary ramoconidia,
up to 24 pm long, base 2-3 pym wide, broadly truncate. Conidia
catenate, at the base of the chain or intercalary once or twice
mostly dichotomously branched, formed in long, unbranched
chains of up to 18 conidia, small terminal conidia narrowly obovoid
to subcylindrical, 5-9 x 2-2.5 ym (av. £ SD: 7.3 £+ 1.1 x 2.1
0.2), aseptate, intercalary conidia fusiform to subcylindrical, 7-14
x2-3um (av. £ SD: 9.4 + 1.5 x 2.5 £ 0.3), 0(-1)-septate, with 1-2
distal hila, small terminal and intercalary conidia subhyaline, often
distinctly paler compared with secondary ramoconidia, secondary
ramoconidia fusiform to subcylindrical, 10-19 x (2-)2.5-4 ym (av.
+ SD: 15.3 £ 2.4 x 3.1 £ 0.5), 0-1(-)2-septate, not constricted at
septa, pale to pale medium olivaceous-brown, smooth or almost
so, walls more or less unthickened, slightly attenuated towards
apex and base and occasionally constricted in the middle, hila
conspicuous, truncate, 0.8-1.8 um diam, central dome and
periclinal rim not very prominent, neither with LM nor SEM,
thickened and darkened-refractive; microcyclic conidiogenesis very
often occurring with conidia forming secondary conidiophores.

Culture characteristics: Colonies on PDA attaining 42-49 mm diam
after 14 d, olivaceous-grey to iron-grey, olivaceous-black towards
margins, reverse iron-grey to olivaceous-black, floccose to fluffy-

Fig. 65. Cladosporium chalastosporoides (CBS 125985). A-B. Examples of
elongated conidia and chains. C. Branch formation on conidiophores. D. Branched
conidiophore, ramoconidia and conidia. E. Elongated conidia. Note the broad areas
of connection between the spores. F. Overview of a large cell mass that gives rise
to conidiophores and spores. G. Detail of a cell mass showing meristematic growth.
H. Differentiation of fungal cells into a cell mass. Scale bars = 5 (A-E), 10 (G-H),
50 (F) um.
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felty, margins crenate, very narrow, white, feathery, aerial mycelium
abundant, dense, covering most of colony surface, floccose to fluffy-
felty, growth effuse with elevated colony centre, without exudates,
sporulation sparse. Colonies on MEA attaining 38-56 mm diam after
14 d, pale olivaceous-grey to olivaceous-grey, reverse olivaceous-grey,
velvety to floccose, margins regular, white, glabrous, aerial mycelium
abundant, covering the whole surface, dense, floccose, growth effuse,
radially furrowed, without exudates, sporulation sparse. Colonies
on OA reaching 38-45 mm diam after 14 d, olivaceous-grey to pale
olivaceous-grey, zonate, grey-olivaceous towards margins, colony
centre with dots of pale greenish grey aerial mycelium, reverse iron-
grey to leaden-grey, velvety to floccose, margin regular to undulate,
narrow, glabrous, white, aerial mycelium abundant, covering the whole
surface, floccose, flat, without exudates, not sporulating.

Substrate and distribution: On fruiting bodies of Teratosphaeria
proteae-arboreag; South Africa.

Notes: The narrow, fusiform conidia of C. chalastosporoides formed
in long, mostly unbranched chains remind one of Chalastospora
(Pleosporales), above all its type species C. gossypii (Simmons
2007, Crous et al. 2009a). However, based on SEM examinations
of the conidiogenous loci and hila, which proved to be coronate
(cladosporioid), as well as its phylogenetic position as sister of C.
hillianum it became evident that this species is part of Cladosporium
s. str. (Bensch et al. 2010).

30. Cladosporium chamaeropis (Unamuno) K. Schub.,
Schlechtendalia 14: 63. 2006. Figs 66, 67.

Basionym: Cladosporium fasciculare f. chamaeropis Unamuno,
Trab. Secc. Cienc. Nat. Congr. Assoc. Progr. Cienc. Oporto 1921:
60. 1922.

Holotype: Spain, near Oriedo, on leaves of Chamaerops humilis
(Arecaceae), May 1921, P. Unamuno (MA 06416).

Lit.: Schubert (2005b: 51-53).
Ill: Schubert (2005b: 53, fig. 14, pl. 6, figs F-I), Schubert et al.
(2006: 64, fig. 3, pl. 1, figs D-E).

In vivo: Leaf spots amphigenous, at first small, subcircular-oval to
somewhat oblong, later extending and confluent, oblong-irregular,
covering large areas of the leaf surface, mainly at the tips of leaves,
pale brown or fading, turning pale clay-coloured in the centre,
surrounded by a narrow to wide irregular margin, dark brown or
almost blackish, surrounding leaf tissue discoloured, brownish.
Colonies amphigenous, scattered to sub-effuse in the pale centre,
loosely caespitose, in tufts, brown. Mycelium internal, intraepidermal;
hyphae sparingly branched, 2—4 um wide, septate, subhyaline to pale
brown, smooth, walls not or only slightly thickened. Stromata usually
well-developed, compact, substomatal to intraepidermal, 10-30 pym
diam, several layers deep, composed of somewhat angular swollen
hyphal cells, 4-10 um wide, brown to olivaceous-brown, smooth,
thick-walled. Conidiophores mostly in loose to somewhat denser
fascicles, few to numerous, arising from stromata, rarely solitary
arising from swollen hyphal cells, mostly emerging through stomata
or erumpent through the cuticle, erect, straight to somewhat flexuous,
cylindrical-oblong, sometimes slightly geniculate-sinuous towards the
apex, usually without swellings, unbranched or rarely once branched,
20-125 x 4-6.5 um, septate, not constricted at the septa, pale to
medium olivaceous-brown or brown, sometimes paler towards
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Fig. 66. Cladosporium chamaeropis (MA 06416). Fascicles of conidiophores
emerging through stomata or erumpent through the cuticle and conidia in vivo. Scale
bar =10 um. K. Bensch del.

the apex, smooth or almost so, walls thickened, often distinctly
two-layered, up to 1 pm wide. Conidiogenous cells integrated,
terminal and intercalary, cylindrical, (6-)11-35 pm long, proliferation
sympodial, with few to numerous conidiogenous loci, often on small
lateral shoulders, protuberant, more or less subdenticulate, short
cylindrical, 1-2(-2.5) um diam, thickened, refractive to somewhat
darkened. Ramoconidia not observed. Conidia catenate, mostly in
branched chains, ovoid, obovoid, limoniform, ellipsoid to cylindrical,
3-20 x 2-5(-6.5) ym, 0-1(-3)-septate, septa sometimes not very
conspicuous, sometimes slightly constricted at the septa, pale
brown or olivaceous-brown, smooth or almost so to mostly minutely
verruculose, walls only slightly thickened, apex rounded, somewhat
attenuated or with a single or several conidiogenous hila, hila
protuberant, short cylindrical, truncate to slightly convex, (0.5-)
1-2(-2.5) ym diam, thickened, refractive to somewhat darkened;
microcyclic conidiogenesis not observed.

Substrate and distribution: On Chamaerops humilis; Spain.

Notes: Cladosporium chamaeropis is a biotrophic, leaf-spotting
species which is morphologically quite distinct from other taxa
described on hosts of the Arecaceae, viz., C. borassi, C. coryphae
and C. phoenicis (= C. herbarum). Cladosporium praecox,
C. maracuja and C. myrtacearum, three superficially similar
species, are easily distinguishable by deviating conidial surface
ornamentation, some additional differences in conidial size, and
conidiophore ramification.

31. Cladosporium cheonis (Chupp & Linder) U. Braun,
Biblioth. Lichenol. 86: 85. 2003. Fig. 68.

Basionym: Cercospora cheonis Chupp & Linder, Mycologia 29: 27.
1937.

Holotype: China, Jiangsi Prov., Huang Yen Ssu, Hsing Tzu Hsien,
on leaves of llex sp. (Aquifoliaceae), 13 Sep. 1932, S.Y. Cheo, No.
922 (CUP 39400).

Lit.: Chupp (1954: 52), Crous & Braun (2003: 119), Schubert
(2005b: 53-54).
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Fig. 67. Cladosporium chamaeropis (MA 06416). A. Overview. B. Conidiophores. C. Fascicle of conidiophores, conidiophores with numerous, conspicuous, somewhat darkened

conidiogenous loci. D. Conidia. Scale bars = 10 (B-D), 20 (A) pm.

Fig. 68. Cladosporium cheonis (CUP 39400). Conidiophores and conidia in vivo.
Scale bar =10 um. U. Braun del.

Ill.: Braun (2003: 94, fig. 8), Schubert (2005b: 54, fig. 15).

In vivo: Leaf spots amphigenous, subcircular, 1-5 mm wide,
brown, blackish, later pale, greyish, surrounded by a narrow, raised
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margin, pale to dark. Colonies punctiform to subeffuse, dark brown
to blackish. Mycelium immersed. Stromata lacking or developed,
10-50 pm diam, substomatal, brown. Conidiophores in small to
moderately large fascicles, loose to moderately dense, arising from
internal hyphae or stromata, emerging through stomata, erect,
straight, subcylindrical to somewhat geniculate-sinuous, non-
nodulose, unbranched, 40-100 x 3-5 um, pluriseptate throughout,
pale olivaceous-brown to medium dark brown or somewhat reddish
brown, wall thin to somewhat thickened, smooth. Conidiogenous
cells integrated, terminal or intercalary, 10-30 um long, proliferation
sympodial, with often numerous and crowded conidiogenous loci,
conspicuous, 1-1.5 ym diam, thickened and darkened. Conidia
catenate, occasionally in branched chains, -ellipsoid-ovoid,
subcylindrical-fusiform, 5-23(-30) x 2-5 ym, 0-1-septate (most
conidia septate), olivaceous-brown, thin-walled, almost smooth to
verruculose, ends rounded to obconically truncate, hila 1-1.5 pm
diam, somewhat thickened and darkened.

Substrate and distribution: On llex sp.; China.

Notes: This species was originally assigned to Cercospora, but based
on the coronate, Cladosporium-like structure of its conidiogenous loci
and hila Braun (2003) reallocated it to Cladosporium. Cladosporium
cheonis belongs to a group of similar biotrophic, leaf-spotting species,
e.g., C. jacarandicola, C. maracuja, C. alopecuri, C. agoseridis, C.
praecox and C. orchidearum, which are, however, morphologically
well differentiated by characters of the conidiophores, conidiogenous
loci and conidia (see Schubert 2005b).
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32. Cladosporium chrysophylli Thaung, Trans. Brit. Mycol.
Soc. 63(3): 620. 1974. Figs 69, 70.

Holotype: Myanmar, Sintoung, east of Thazi, on living leaves of
Chrysophyllum cainito (Sapotaceae), 24 May 1973, Mya Thaung
(IMI17741).

Lit.: Schubert (2005b: 54-56).
lll.: Thaung (1974: 620, fig. 1), Schubert (2005b: 55, fig. 16, pl. 8,
figs A-F).

In vivo: Leaf spots amphigenous, irregular, varying in shape and
size, on the upper leaf surface pale olivaceous, greyish green,
surrounded by a narrow, dark brown margin, on the lower leaf
surface pale greenish brown, margin pale olivaceous-brown
and somewhat raised. Colonies hypophyllous, effuse, densely
caespitose, dark olivaceous-brown or somewhat greyish, short
villose or velvety. Mycelium both internal, mostly subcuticular or
substomatal, and external, superficial; hyphae branched, 2.5-6
pm wide, septate, sometimes slightly constricted at the septa,
subhyaline to pale olivaceous, smooth or sometimes distinctly
roughened, walls slightly thickened, forming swollen hyphal cells,
subglobose, 6-11 pm wide, sometimes aggregated, forming
hyphal ropes or stromatic hyphal aggregations. Conidiophores
solitary or in small loose groups or fascicles, arising from
swollen hyphal cells, internal and external hyphae or stromatic
hyphal aggregations, emerging through stomata, erumpent
through the cuticle or growing superficially, erect to sometimes
subdecumbent, straight to slightly flexuous, variable in shape
and size, somewhat dimorphic, at first short cylindrical, 18-70 um
long, later filiform, up to 225 pm long, often slightly geniculate-
sinuous, unbranched, sometimes branched, once or several
times, 3-7(-8) uym wide, septate, pale yellowish brown or pale
to medium olivaceous-brown, paler towards the apex, walls
often irregularly and distinctly roughened, rugose, outer wall
seemingly irregularly detaching, often refractive and somewhat
shiny, thickened, often distinctly two-layered, up to 2 ym wide,
mostly wider or somewhat swollen at the base, 8-12 pym wide.
Conidiogenous cells integrated, terminal and intercalary, 7-35
pm long, sub-cylindrical-oblong, sometimes slightly geniculate or
subnodulose; conidiogenous loci often situated on small lateral
shoulders, protuberant, subdenticulate, obconically truncate,
0.5-2 ym diam, convex dome often not very distinct, somewhat
thickened and darkened-refractive. Conidia catenate, mostly in
branched chains, obovoid, ellipsoid, fusiform to subcylindrical,
3-19(-28) x 2-5(-6) pm, 0-2(-5)-septate, septa not very
conspicuous, pale olivaceous-yellow to very pale brown, smooth
or almost so, with age turning irregularly rough-walled, outer wall
seemingly detached, only slightly thickened, hila more or less
protuberant, obconically truncate, 0.5-2 um diam, convex dome
and periclinal rim often not very distinct, thickened, somewhat
darkened-refractive; microcyclic conidiogenesis occurring.

Substrate and distribution: On Chrysophyllum cainito; Myanmar.
Notes: Thaung (1974) described longer conidia, up to 28 pm,
which is given in brackets in the description above. Cladosporium

chrysophylli is a leaf-spotting species with unique characters,
barely comparable with other Cladosporium species.
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Fig. 69. Cladosporium chrysophylli (IMI 17741). Symptoms, dimorphic conidiophores
and conidia in vivo. Scale bar = 10 ym. K. Bensch del.

Fig. 70. Cladosporium chrysophylli (IMI 17741). A. Symptoms. B. Conidiophore and
conidium showing coronate scar structure. C. Branched conidiophores. D. Fascicle
of conidiophores emerging through stomata. E. Tip of a conidiophore with several
somewhat darkened conidiogenous loci. F. Conidiophore, outer wall seemingly
irregularly detaching. Scale bars =5 (B), 10 (C, E-F), 20 (D) um.
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33. Cladosporium chubutense K. Schub., Gresl. & Crous,
Persoonia 22: 116. 2009. Figs 71-73.

Holotype: Argentina, Chubut, dpto. Languineo, Rio Pico, Carnelia
property, 44° 8 30”S, 71° 26’ 40"W, on needles of Pinus ponderosa
(Pinaceae), Apr. 2007, A. Greslebin (CBS H-20209, dried culture).
Isotype: BAFC 51695. Ex-type cultures: CBS 124457 = CIEFAP
321 = CPC 13979.

Lit.. Bensch et al. (2010).
Ill.: Schubert et al. (2009: 116-117, figs 4-6).

In vivo: Isolated from needles becoming necrotic from the top to the
base, no discrete leaf lesions formed. Caespituli first punctiform,
dark brown, distributed along the stomatal lines in upper and
under sides, then coalescing and forming elongated, erumpent,
black stromata. Mycelium internal, subcuticular to intraepidermal,
occasionally external, superficial, hyphae unbranched to
occasionally branched, 2-6(-8) um wide, pluri-septate, often
in short succession, slightly constricted, often appearing to be
darkened, pale olivaceous to pale olivaceous-brown, smooth to
minutely verruculose, walls unthickened or almost so, becoming
regularly or irregularly swollen, up to 14 ym diam, walls more
thickened at swellings, sometimes forming ropes. Stromata small to
large, 20-75 pm diam or confluent, compact, dense, several layers
deep, substomatal to intra-epidermal, pseudoparenchymatous,
composed of swollen hyphal cells, subglobose to somewhat
angular, 5-10 pym diam, medium to dark brown, walls thickened.
Conidiophores macronematous, fasciculate, in small to large,
loose to dense fascicles, spider-like, emerging through stomata or
erumpent through the cuticle, arising from stromata, erect, straight
to flexuous, subcylindrical, not geniculate or only slightly so,
sometimes subnodulose due to small lateral swellings, unbranched
or rarely once branched towards the apex, 28-120 x (4-)5-8(-9)
um, often slightly to distinctly attenuated towards the apex, base
often wider or swollen, up to 10 um wide, pluriseptate, septa often
in short succession, sometimes slightly constricted, medium to dark
olivaceous-brown or brown, paler at apices, smooth to minutely
verruculose or irregularly and distinctly roughened, rugose, outer
walls seeming to detach irregularly, especially towards the apex,
walls thickened, often distinctly 2-layered, up to 1.5 pym wide,
sometimes enteroblastically proliferating. Conidiogenous cells
integrated, terminal and intercalary, subcylindrical, not geniculate,
sometimes subnodulose with loci situated on small lateral
shoulders, 6-32 pm long, with a single or several conspicuous
loci, somewhat crowded towards the apex, 1-2(-2.5) ym diam,
somewhat thickened and darkened-refractive. Conidia solitary or
catenate, in unbranched or branched chains, straight, subglobose,
obovoid, ellipsoid to subcylindrical, 4.5-19 x 4.5-7(-8) um (av.
+ SD: 11.1 £ 3.5 x 5.8 £ 1.0), 0-1(-2)-septate, rarely with three
septa, septum more or less median, sometimes slightly constricted,
with age becoming sinuous, pale to medium olivaceous-brown,
almost smooth to minutely verruculose, walls somewhat thickened,
attenuated towards apex and base, often broadly rounded at
the distal end, sometimes slightly pointed, with a single, two, or
rarely three hila at the distal end, conspicuous, 1-2(-2.5) um
diam, somewhat thickened and darkened-refractive; microcyclic
conidiogenesis not observed.

In vitro: Mycelium mainly immersed, sometimes superficial; hyphae
mainly unbranched, 1-4 pm wide, septate, septa occasionally
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Fig. 71. Cladosporium chubutense (HAL 2323 F). Fascicle of conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

Fig. 72. Cladosporium chubutense (CBS 124457 = CPC 13979). Conidiophores and
conidia in vitro. Scale bar = 10 um. K. Bensch del.

darkened, without any swellings and constrictions, subhyaline to pale
dingy brown or greyish brown, almost smooth to somewhat irregularly
rough-walled, walls unthickened. Conidiophores macronematous
and micronematous, arising terminally from ascending hyphae, or
sometimes laterally from plagiotropous hyphae, solitary, erect, straight
or slightly flexuous, subcylindrical to cylindrical, slightly to distinctly
geniculate-sinuous towards the apex, sometimes subnodulose
with loci situated on small lateral shoulders, often several times,
unbranched or once branched, 10-200 x (1.5-)2.5-4 um, septate,
not constricted at septa, greyish brown to olivaceous-brown, smooth
to minutely verruculose or verruculose, especially towards the apex,
walls only slightly thickened, about 0.5 um wide. Conidiogenous
cells integrated, terminal and intercalary, subcylindrical to cylindrical,
slightly to distinctly geniculate, once or several times, non-nodulose
but the whole apical cell occasionally inflated, ellipsoid, 10-57 pm
long, conidiogenous loci conspicuous, often crowded towards the
apex, up to six or more loci per cell, 1-2(-2.2) ym diam, somewhat
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Fig. 73. Cladosporium chubutense (CBS 124457 = CPC 13979). A-E. Macro- and microne-matous conidiophores with conidia. F-G. Conidial chains. Scale bars = 10 um.

thickened and darkened-refractive. Ramoconidia subcylindrical,
19-34(-38) x (3.5-)4-5 um, aseptate, concolorous with the tips of
conidiophores. Conidia catenate, in branched chains, branching in
all directions, up to three or four conidia in the unbranched parts,
small terminal conidia obovoid to ellipsoid, 4-8 x 2.5-4 ym (av. £ SD:
59+ 1.2 x 3.0 + 0.5), aseptate, broadly rounded at the apex, hila
0.5-1 ym diam, intercalary conidia ellipsoid-ovoid, 7-14 x 3-4.5 ym
(av. £ SD: 9.9 £ 2.0 x 3.9 £ 0.5), aseptate, with a single sometimes
up to three distal hila, hila 0.8—1.5 um diam, secondary ramoconidia
ellipsoid-ovoid to subcylindrical, 13-27(-34) x 4-5 um (av. £ SD:
19.8 + 5.4 x 4.4 + 0.4), 0-1-septate, not constricted at septa, septa
median or somewhat in the upper half, with up to four distal hila, pale
to medium greyish brown or olivaceous-brown, minutely verruculose
to usually verruculose, occasionally distinctly verrucose, walls
unthickened or only slightly so, hila conspicuous, (0.5-)0.8-2(-2.2)
pm diam, somewhat thickened and darkened-refractive; microcyclic
conidiogenesis sometimes generating conidia irregular in outline.

Culture characteristics: Colonies on PDA attaining 50-61 mm diam
after 1 mo, dull green to dark grey-olivaceous, reverse iron-grey,
velvety to powdery, margin white, broad, glabrous, aerial mycelium
pale olivaceous-grey, diffuse, loose, only few areas covered,
growth regular, flat, without conspicuous exudates, sporulation
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profuse. Colonies on MEA reaching 26-37 mm diam after 1 mo,
olivaceous to greenish olivaceous forming concentric zones,
reverse iron-grey to greenish black, velvety, margin white, narrow,
regular, feathery, aerial mycelium pale olivaceous-grey, sparse,
growth flat, sometimes with a crater-like structure in the centre or
wrinkled, without conspicuous exudates, sporulation profuse.

Substrate and distribution: On Pinus ponderosa; Argentina.

Additional specimens examined: Argentina, Chubut, dpto. Languineo, Rio Pico,
Carnelia property, 44° 8 30”S, 71° 26’ 40"W, on needles of Pinus ponderosa
(Pinaceae), 12 Jan. 2005, A. Greslebin, mixed infection with C. macrocarpum and
an alternarioid hyphomycete (HAL 2323 F).

Notes: On its host, Pinus ponderosa, Cladosporium chubutense,
a species with unclear biology and ecology, is dissimilar to other
species, except for C. oreodaphnes, which has, however, longer
and somewhat narrower nodulose conidiophores (Schubert
2005b), as well as C. antarcticum distinguished by its dimorphic
mycelium, 0-3-septate conidia and its narrower conidiogenous loci
and hila, 0.8-1.5(-2) um (Schubert et al. 2007b).
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34. Cladosporium cladosporioides (Fresen.) G.A. de Vries,
Contr. Knowl. Genus Cladosporium: 57. 1952. Figs 74-T76.
Basionym: Penicillium cladosporioides Fresen., Beitr. Mykol. 1: 22.
1850.

= Hormodendrum cladosporioides (Fresen.) Sacc., Michelia 2(6): 148.
1880.

= Cladosporium herbarum f. hormodendroides Ferraris, Flora Ital. Crypt.,
Pars |, Fungi, Fasc. 8: 332. 1912

Type: Germany, on overwintered leaves of Hydrangea sp.
(Hydrangeaceae) (not preserved). Neotype (designated in Bensch
et al. 2010); Germany, isol. from indoor air, Ch. Trautmann (CBS
H-20428). Ex-type culture: CBS 112388.

= ? Ramularia meliloti Ellis & Everh., Erythea 2: 26. 1894 [holotype: NY].

= Cladosporium myriosporum Ellis & Dearn., Proc. Canad. Inst., N.S., 3, 1: 90.
1897, p.p. (nom. confus., type material composed of C. macrocarpum and C.
cladosporioides) [syntypes: DAOM, NYS].

= Monilia humicola Oudem., Arch. Néerl. Sci. Exact. Nat. 7: 286. 1902.

= Cladosporium herbarum f. camelliae-japonicae Bubak, in Rabenhorst-
Patzschke, Fungi Eur. Exs., Cent. 43, No. 4289. 1901, nom. nud. [syntypes:
e.g. B, HAL, HBG].

Lit:: Yamamoto (1959: 3), Ellis (1971: 319), Subramanian (1971:
285), Shvartsman et al. (1975: 93-94), Domsch et al. (1980: 202),
Ellis & Ellis (1985: 290, 468), Wang & Zabel (1990), Braun (1998:
301), Ho et al. (1999: 121), Samson et al. (2000: 108), de Hoog
et al. (2000: 583), Samson et al. (2001: 340), Zhang et al. (2003:
69-74), Park et al. (2004), Schubert & Braun (2004: 304), Heuchert
et al. (2005: 46-47), Pasqualetti et al. (2005), Schubert (2005b;
155-156), Bensch et al. (2010: 29-34).

Ill.: Fresenius (1850: Taf. 3, figs 23-28), de Vries (1952: 58-59, figs
10-11), Yamamoto (1959: 4, figs 9-12), Ellis (1971: 318, fig. 219
C), Domsch et al. (1980: 203, fig. 82), Ho et al. (1999: 122, figs
8-9), de Hoog et al. (2000; 583-584, figs), Samson et al. (2000;
108, fig. 48; 109, pl. 46), Schell (2003: 582, fig. 16), Zhang et al.
(2003: 70, fig. 30), Bensch et al. (2010: 30-32, figs 17-19).

Exs.: Rabenhorst, Fungi Eur. Exs. 4289.

In vivo: Colonies usually effuse, sometimes rather inconspicuous,
greyish green, olivaceous-brown or brownish. Mycelium usually
immersed in the substratum. Stromata lacking. Conidiophores
solitary to loosely caespitose, erect, long, filiform or subcylindrical,
neither distinctly geniculate-sinuous nor nodulose, usually
unbranched, occasionally once branched, 10-250 x (2.5-)3-5(-
6) um, mostly less than 100 um long, aseptate to pluriseptate
throughout, smooth, rarely faintly rough-walled, thin-walled, <
1(-1.5) um. Conidiogenous cells integrated, terminal, rarely also
intercalary, occasionally conidiophores aseptate, i.e., reduced to
conidiogenous cells, 10-30(—40) um long, usually not or barely
geniculate, i.e., usually without any proliferation, neither sympodial
nor percurrent, but often subdenticulate, with 1-3, rarely more,
denticle-like, somewhat protuberant conidiogenous loci at the
apex, (0.5)1-2(-2.5) ym diam, distinctly coronate, somewhat
darkened-refractive. Conidia in branched chains, broadly
subglobose, ellipsoid-ovoid, limoniform, (3-)4-8(-11) x 2-4(-5)
pm, 0(-1)-septate, ramoconidia and secondary ramoconidia
ellipsoid-subcylindrical to cylindrical, 8-30 x (2.5-)3-5(-5.5) um,
0-2-septate, subhyaline, pale olivaceous to olivaceous-brown,
smooth, rarely with faintly rough-walled conidia mixed with
smooth conidia, thin-walled, < 1 um, ends attenuated to rounded,
hila (0.5)1-2(-2.5) diam, somewhat protuberant and somewhat
darkened-refractive.
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Fig. 74. Cladosporium cladosporioides (CBS 112388). Macro- and micronematous
conidiophores, ramoconidia and conidial chains in vitro. Scale bar = 10 ym. K.
Bensch del.

In vitro: Mycelium immersed, rarely superficial; hyphae sparse,
unbranched or sparingly branched, (1-)2-4(-5) pm wide,
septate, septa occasionally darkened, without any swellings and
constrictions, subhyaline, pale olivaceous-brown or pale brown,
smooth to minutely verruculose or rough-walled, walls unthickened.
Conidiophores solitary, macronematous or semimacronematous,
sometimes micronematous, arising terminally from ascending
hyphae or laterally from plagiotropous hyphae, straight to somewhat
flexuous, narrowly cylindrical to cylindrical-oblong, sometimes
filiform, non-nodulose, usually not geniculate-sinuous, occasionally
once geniculate, 40-300(-350) x (2.5-)3-4(-5.5) ym, unbranched
or occasionally branched, branches usually short, only as peg-like
lateral outgrowth just below a septum, occasionally up to 60 um,
mostly in the upper third, pluriseptate, usually not constricted at
septa, sometimes slightly constricted and one of the upper septa
slightly darkened where ramoconidia are formed, pale to medium
olivaceous-brown or brown, smooth to minutely verruculose or
verruculose especially towards the base, walls unthickened or
slightly thickened, occasionally slightly attenuated towards the
apex, base sometimes swollen, up to 7 ym wide; micronematous
conidiophores shorter, narrower, paler, unbranched, 9-150 x
(1-)1.5-2.5(-3) um wide. Conidiogenous cells integrated, usually
terminal, sometimes intercalary with conidiogenous loci situated
on small peg-like or denticle-like lateral outgrowths just below a
septum, cylindrical-oblong, not geniculate, non-nodulose, (7-)16-38
um long, with up to four loci crowded at the apex, subdenticulate to
denticulate, protuberant, 1-2(-2.5) um diam, central dome often
not very conspicuous, flat, somewhat thickened and darkened-
refractive. Ramoconidia seceding at one of the upper, somewhat
darkened septa, straight to slightly curved, cylindrical-oblong,
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Fig. 75. Cladosporium cladosporioides (CBS 112388). A-F. Macronematous conidiophores and conidial chains. Scale bar = 10 um.

15-50 x (2.5-)3-5 um, with up to three septa, pale olivaceous-
brown, concolorous with tips of conidiophores, smooth, base not
cladosporioid, 2.5-4 pym wide, unthickened or slightly thickened,
sometimes slightly refractive. Conidia numerous, catenate, in long
branched chains, up to 10 conidia in the upper unbranched part,
branching in all directions, small terminal conidia subglobose,
obovoid, ovoid to limoniform, 3-6(-7) x (1.5-)2-2.5(-3) pym (av. *
SD: 4.7 £0.9 x 2.4 £ 0.3), aseptate, intercalary conidia limoniform,
ellipsoid-ovoid, sometimes fusiform or subcylindrical, 5-12(-14.5) x
(2-)2.5-3(-4) ym (av. = SD: 8.1 £ 2.2 x 2.9 +£0.3), aseptate, with up
to 3(-4) distal hila, secondary ramoconidia ellipsoid, subcylindrical
to cylindrical-oblong, (7-)10-33(-38) x (2-)2.5-4(-6) um (av. + SD:
19.4£6.6 x3.2+0.5), 0(-1)-septate, occasionally with two septa, not
constricted at septa, with up to four distal hila, subhyaline, pale brown
or pale olivaceous-brown, smooth, under SEM smooth or surface
with somewnhat irregularly reticulate structure or embossed stripes
probably caused by diminishing turgor and shriveling of tender young
conidia, thin-walled, sometimes cell structure unusual, with a small
cavity in the cells, hila conspicuous, subdenticulate to denticulate,
0.5-2(-2.5) ym diam, somewhat thickened and darkened-refractive;
microcyclic conidiogenesis occasionally occurring.

Culture characteristics: Colonies on PDA grey-olivaceous to
dull green or olivaceous-grey, reverse iron-grey, leaden-grey or
olivaceous-black, velvety to floccose, margins grey-olivaceous
to white, feathery, regular, aerial mycelium sparse, diffuse, or
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sometimes abundantly formed, dense, floccose-felty, low, forming
mats, growth flat to low convex, usually without prominent
exudates, occasionally with several small prominent exudates.
Colonies on MEA grey-olivaceous to olivaceous or olivaceous-grey,
pale olivaceous-grey or whitish due to aerial mycelium, olivaceous-
black or olivaceous-buff at margins, reverse olivaceous-black or
iron-grey, velvety to floccose, margins white to grey-olivaceous,
glabrous to feathery, aerial mycelium sparse, scattered, diffuse to
floccose, sometimes abundantly formed, covering almost the whole
colony, floccose-felty, whitish, growth flat to effuse, somewhat
radially furrowed, without prominent exudates. Colonies on OA
grey-olivaceous, towards margins at first greenish olivaceous,
then dull-green and again grey-olivaceous, sometimes white,
reverse olivaceous-grey to leaden-grey, sometimes pale mouse-
grey, velvety to floccose, margins narrow, glabrous, regular, aerial
mycelium scattered to sometimes abundant, floccose or felty,
loose to somewhat dense, growth flat, no prominent exudates;
sporulation usually profuse on all media.

Substrates and distribution: On fading and decaying plant material,
on living leaves as secondary invader, isolated from air, soil,
foodstuffs, water-damaged building materials and numerous other
materials; cosmopolitan.

Additional specimens examined: Sine loco, deposited by C.L. Shear, stored as “C.
herbarum” (CBS 132.29). Australia, New South Wales, Mullion Creek, S 33°06'48”
E149°08'45”, isol. from Eucalyptus robertsonii ssp. hemisphaerica (Myrtaceae),
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15 Jan. 2007, coll. B.A. Summerell, isol. P.W. Crous (NSW 134279, CPC 13667,
13669); Queensland, near Cairns, isol. from Eucalyptus sp. (Myrtaceae), 27 Aug.
2006, P.W. Crous (CPC 13235). Brazil, isol. from soil, CBS 101367. Denmark, isol.
from cellulose powder, paint manufacturer, 2007, B. Andersen (BA 1692 = CPC
14293); isol. from soil, pea field, 2007, B. Andersen (BA 1691 = CPC 14292).
France, Vallon, Pont d'Arc, isol. from twigs of an unidentified tree, 21 Aug. 2007,
P.W. Crous (CPC 14271). Germany, isol. from Pisum sativum (Fabaceae), stored
as C. cladosporioides f. pisicola (CBS 145.35 = MUCL 926); Essen, botanical
garden, 51.45, 7.0167, isol. from leaves of Morus rubra (Moraceae), 2005, N. Ale-
Agha (CPC 12214). India, isol. from Dalbergia sp. (Fabaceae), 3 Jan. 2004, coll. W.
Gams, isol. PW. Crous (CPC 11131); isol. from Eucalyptus sp., 3 Jan. 2004, coll.
W. Gams, isol. PW. Crous (CPC 11161). Indonesia, Tele, isol. from Eucalyptus sp.,
endophyte spots, spots after herbicide, 3 Jan. 2008, coll. M.J. Wingfield, isol. P.W.
Crous, as “Neofusicoccum sp.” (CPC 15038). Israel, Jaffa, isol. from Gossypium
seeds (Malvaceae), 1967, isol. by M. Gonen (CBS 674.82 = CBS 320.87 = ATCC
38026 = ATCC 200936 = IMI 126640, stored as “C. tenuissimum”). Japan, isol.
from bamboo slats, probably authentic strain of C. multigeniculatum (CBS 122130
= ATCC 38012 = IFO 6539 = JCM 10684 = NBRC 6539). Slovenia, Cesnjica
near Ljubljana, isol. from a living mite inhabiting a strawberry leaf, 4 Apr. 2008,
Vojko Skerlavaj, isol. by H.-J. Schroers (HJS 1069 = CPC 15167). South Africa,
isol. from Pisum sativum, B.J. Dippenaar, stored as C. cladosporioides f. pisicola
(CBS 143.35 = MUCL 10090); Barberton, Laeveld Coop, isol. from wheat, 1988
(CPC 14009 = MRC 10150); Eastern Cape, Aiwal North, isol. from wheat, 1989
(CPC 14019 = MRC 10813); Free State, Brandfort, isol. from wheat, 1989 (CPC
14017 = MRC 10809, CPC 14018 = MRC 10810); Perdespan, isol. from wheat,
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Fig. 76. Cladosporium cladosporioides
(CBS 112388, neotype). A. Overview of a
colony containing running differentiated
conidiophore-forming hyphae and many
aerial hyphae. B. Scars on a conidiophore.
C. Top view of a conidiophore with scars and
an aerial structure. D. Branching patterns of
aerial hyphae intermingled with spore-forming
structures. E. Aerial hyphae, conidiophores
and spores. F. Conidiophores sprouting from
agar with all types of dispersion structures.
G. Conidial chains. H. Detail of conidial
chains and ornamentation showing irregularly
reticulate structures or embossed stripes
probably caused by diminishing turgor and
shriveling of tender young conidia. I. Three
secondary ramoconidia. J. Secondary
ramoconidia and conidia on agar with some
irregularly reticulate ornamentation. Scale
bars = 2 (B-C, H), 5 (F-G, I-J), 10 (D-E), 50
(A) pum.

1988 (CPC 14015 = MRC 10260); Winburg, isol. from wheat, 1989 (CPC 14021
= MRC 10827); Gauteng, Pretoria, isol. from pawpaw, 1990 (CPC 14024 = MRC
11280). South Korea, Chuncheon, N37°50'10” E127°32'01", isol. from Celosia
cristata (Amaranthaceae), 7 Oct. 2003, coll. H.-D. Shin, isol. PW. Crous (CPC
11121); Suwon, N37°16'03” E126°59'16”, isol. from chasmothecia of Phyllactinia
sp. (Erysiphales) on Fraxinus chinensis subsp. rhynchophylla (Oleaceae), 7 Nov.
2007, coll. H.-D. Shin, isol. PW. Crous (CPC 14705); Chuncheon, N37°50'10"
E127°32°01”, isol. from Phragmidium griseum on Rubus crataegifolius (Rosaceae),
20 Jul. 2004, coll. H.-D. Shin, isol. PW. Crous (CPC 11398); Jinju, N35°11'24”
E128°10°'56", isol. from Phytolacca americana (Phytolaccaceae), 15 Oct. 2003,
coll. H.-D. Shin, isol. PW. Crous (CPC 11122); Jinju, N35°11'24" E128°10'56",
isol. from Plectranthus sp. (Lamiaceae), 1 Jul. 2004, coll. H.-D. Shin, isol. P.W.
Crous (CPC 11406); Chuncheon, N37°50°'10” E127°32'01", isol. from Ricinus
communis (Euphorbiaceae), 7 Oct. 2003, coll. H.-D. Shin, isol. PW. Crous (CPC
11119); Yangpyeong, N37°30'12” E127°41'55", isol. from Rubus coreanus, 23 Jul.
2004, coll. H.-D. Shin, isol. PW. Crous (CPC 11404); Hongcheon, N37°48'17"
E127°51'13", isol. from leaves of Stellaria aquatica (Caryophyllaceae), 6 Jun.
2005, coll. H.-D. Shin, isol. PW. Crous (CPC 12187); Hoengseong, N37°32'09"
E128°07°07”, isol. from Valeriana officinalis (incl. V. fauriei) (Valerianaceae), 23
Jun. 2004, coll. H.-D. Shin, isol. PW. Crous (CPC 11393); Jeongeup, N35°36'05"
E126°51°25”, isol. from Vigna unguiculata [= V. sinensis] (Fabaceae), 29 Oct. 2003,
coll. H.-D. Shin, isol. PW. Crous (CPC 11123); Suwon, N37°16'03" E126°59'16",
isol. from Viola mandshurica (Violaceae), 14 Oct. 2003, coll. H.-D. Shin, isol. P.W.
Crous (CPC 11120); Hongcheon, N37°48'17” E127°51°13”, isol. from Chenopodium
ficifolium (Chenopodiaceae), 10 Mar. 2002, coll. H.-D. Shin, isol. P.W. Crous (CPC
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10142). Thailand, Chiang Mai, Mushroom Research Centre, isol. from Areca sp.
(Arecaceae), 20 Dec. 2006, coll. I. Hidayat, isol. P.W. Crous (CPC 13734). Uganda,
Mubende, isol. from food, coffee leaf, 2000, coll. J.L. Sgrensen, isol. B. Andersen
(BA 1677 = CPC 14356). USA, 2004, M. Blackwell (CPC 11684 = CBS 117483,
as “C. gossypiicola”); California, isol. from Pisum sativum, as C. cladosporioides
f. pisicola (CBS 144.35 = ATCC 11284 = IFO 6371 = IMI 049627); Laramie,
isol. from food, mouldy pea, 2000, coll. J.L. Sgrensen, isol. B. Andersen (BA 1676
= CPC 14355); Louisiana, Baton Rouge, isol. from Magnolia sp. (Magnoliaceae), 8
Sep. 2007, P.W. Crous (CPC 14244); isol. from pruned wood, 2006, K. Seifert (CPC
12852); Washington, isol. from spinach seed, Spinacia oleracea (Chenopodiaceae),
2003, L. du Toit (CBS 126341 = CPC 12763, CPC 12760, 12762, 12764); isol. from
grape berry, F.M. Dugan (w99-175a sci 1= CBS 113740); isol. from grape bud, F.M.
Dugan (113db sci 1 = CBS 113738); isol. from culm node of crested wheat grass,
F.M. Dugan (wa2-00 sci 1 = CBS 113739).

Excluded strains within the C. cladosporioides complex [morphologically
indistinguishable but phylogenetically distinct, indicated in Bensch et al. (2010), Fig.
1 as C. cladosporioides s. lat. Lineages 1-4]: Argentina, Chubut, Rio Pico, carnelian
property, isol. from needles of Pinus ponderosa (Pinaceae), 2007, A. Greslebin (CPC
13978). Denmark, isol. from indoor building material, school, 2007, B. Andersen
(BA 1695 = CPC 14296). Germany, isol. from leaves of Acer pseudoplatanus
(Aceraceae), L. Pehl, ident. as C. tenuissimum by G.S. de Hoog (CBS 116744);
isol. from wheat grain, Triticum sp. (Poaceae), 2007, B. Andersen (BA 1674 = CPC
14284); Bayern, isol. from lichens on leaves of Acer platanoides (Aceraceae), 2006,
B. Heuchert (CPC 13220); Tiibingen, botanical garden, isol. from Paeonia obovata
(Paeoniaceae), Sep. 2006, P.W. Crous (CPC 13362). Netherlands, isol. from seed
coat of Cirsium vulgare (Asteraceae), depos. by B.H. van Leeuwen, Jan. 1980
(CBS 125.80); Millingerwaard, isol. from fruits of Sambucus nigra (Adoxaceae), 29
Aug. 2007, P.W. Crous (CPC 14238). New Zealand, Auckland, Auckland University
campus, Oncoba spinosa (Salicaceae), 9 Jan. 2004, C.F. Hill (Hill 1076-2 = CPC
11664); Waikato, Karapiro, Gorton Road, isol. from imported buds of Prunus avium
(Rosaceae), 6 Jan. 2008, J. Rennie (CPC 15457). South Africa, Western Cape
Province, Jonkershoek Nature Reserve, isol. from Brunneosphaerella protearum
(Mycosphaerellaceae) fruiting bodies, 30 Mar. 2007, P.W. Crous (CPC 13867).
South Korea, Pocheon, National Arboretum, N37°45'04” E127°09'55", isol. from
Fatoua villosa (Moraceae), 18 Oct. 2002, coll. H.-D. Shin, isol. P.W. Crous (CPC
10150). UK, Manchester, isol. from uredospores of Puccinia allii (Pucciniaceae),
G.S. Taylor (CBS 306.84). USA, Washington State, isol. from bing cherry fruits, R.G.
Roberts (CBS 113746).

Notes: Cladosporium cladosporioides as previously circumscribed
on the base of morphology represents a heterogeneous complex of
numerous phylogenetically and more or less also morphologically
distinct species (Bensch et al. 2010). Cladosporium cladosporioides
s. str. is one of the most common, saprobic Cladosporium species
with worldwide distribution, frequently occurring as secondary invader
on necrotic parts of many different host plants, isolated from air, soil,
textiles and numerous other substrates (Ellis 1971) and found as
common endophytic fungus (Riesen & Sieber 1985, El-Morsy 2000,
Kumaresan & Suryanarayanan 2002). Furthermore, the conidia of
this species are among the most ubiquitous bioaerosols found in
indoor and outdoor samples (Domsch et al. 1980, Mullins 2001,
Park et al. 2004). Some leaf-spotting races have been reported, but
such host-specific pathogenicity is largely untested (Anilkumar &
Seshadri 1975, Arya & Arya 2003). Bensch et al. (2010) proposed a
neotype for C. cladosporioides since type material of this species is
not preserved. De Vries (1952) invalidly and erroneously lectotypified
the species based on Bisby’s dried “standard culture” [isol. fr. Arundo
leaves, Bamboo Garden, Kew, 1943 (IMI 25324, 60507, 60509)
= CBS 170.54] which, however, proved to belong to the saprobic
C. ramotenellum, which is undoubtedly more common than originally
presumed by Schubert et al. (2007b).

In phylogenetic sequence analyses, this species forms a
distinct, well-supported clade (see Bensch et al. 2010, fig 1, part c).
Nevertheless, C. cladosporioides is still paraphyletic representing a
species complex since there are still numerous isolates listed under
excluded strains that are morphologically indistinguishable from C.
cladosporioides s. str., but phylogenetically different, clustering
apart in various subclades.
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Yamamoto (1959), Ellis (1971), de Hoog et al. (2000) and
Samson et al. (2000) discussed strains of “C. cladosporioides” with
asperulate or finely verruculose conidia, which proved to represent
different, phylogenetically clearly distinct species, as for instance
C. asperulatum and C. perangustum.

Cladosporium cladosporioides, which occurs rather commonly
on Pisum sativum, has often been confused with C. cladosporioides
f. pisicola (= C. pisicola). The latter species is, however, a
biologically and morphologically distinct species (see notes under
C. pisicola).

35. Cladosporium colocasiae Sawada, Trans. Nat. Hist.
Soc. Taiwan 25: 125. 1916. Figs 77, 78.

Holotype: Taiwan, on Colocasia esculenta (= C. antiquorum)
(Araceae), 2 Jun. 1910, K. Sawada (PPMH). Ex-type culture: CBS
386.64 = ATCC 200944 = MUCL 10084.

= Cladosporium colocasiicola Sawada, Special Publ. Coll. Agric. Natl. Taiwan
Univ. 8: 195. 1959, nom. inval.

Lit.: Bugnicourt (1958), Ellis (1971: 312), Matsushima (1975: 34),
David (1988a), IMI Distribution Maps of Plant Diseases 592 (1988),
Holcomb (1989), Ho et al. (1999: 123), Zhang et al. (2003; 74-76),
Schubert (2005b: 56-58), Bensch et al. (2010: 34-35).

Ill.: Bugnicourt (1958: 235, fig. 1), Ellis (1971: 313, fig. 216 B),
Matsushima (1975: pl. 77), David (1988a: fig.), De & Chattopadhyay
(1994: 228, fig. 4), Ho et al. (1999: 124, figs 10-11), Zhang et al.
(2003: 76, fig. 40), Schubert (2005b: 57, fig. 17, pl. 9, figs A-E),
Bensch et al. (2010: 35, fig. 20).

In vivo: Leaf spots amphigenous, subglobose, oval to somewhat
irregular, at first punctiform, later extending, forming large patches,
very variable in size, 1-10(-15) mm wide, sometimes confluent,
covering large areas of the leaf surface, medium to dark brown,
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Fig. 77. Cladosporium colocasiae (BPI 426382). Conidiophores and conidia in vivo.
Scale bar = 10 um. K. Bensch del.
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Fig. 78. Cladosporium colocasiae in vivo (BPI 426382; J-N) and in vitro (CBS 386.64 and 119542; A-l). A-D. Conidiophores and conidial chains. E-F. Intercalary conidiogenous
cells with typical nodes and conidiogenous loci restricted to these swellings. G-H. Microcyclic conidiogenesis with conidia forming secondary conidiophores. I. Conidia. J.
Nodose conidiophore showing coronate scar structure. K. Conidiophore with distinct swellings, clearly separated and distant from each other. L. Conidiophore with coronate
scars confined to swellings. M. Conidiophore. N. Conidia. Scale bars = 5 (J), 10 (A-l, L-N), 20 (K) pm.

later yellow, most frequently on old leaves, giving them a spotted
appearance, occasionally somewhat paler in the centre, on
the lower leaf surface somewhat paler, grey-brown. Colonies
amphigenous, effuse, mostly densely caespitose, brown, velvety to
villose. Mycelium internal, subcuticular to intraepidermal, later also
external, growing superficially; hyphae branched, 2.5-7.5 um wide,
septate, often with swellings and constrictions, at swellings up to 10
um wide, pale brown to somewhat yellowish brown, smooth, thick-
walled, forming hyphal aggregations, composed of swollen hyphal
cells, subglobose to somewhat angular, 4-10 ym wide, pale to
pale medium brown or somewhat yellowish brown, smooth, thick-
walled. Conidiophores solitary or in small loose groups, arising
from internal and external hyphae or from hyphal aggregations,
conidiophores arising from internal hyphae, erumpent through the
cuticle, erect, straight or slightly flexuous, somewhat geniculate-
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sinuous, subnodulose to distinctly nodulose or even nodose,
usually with multilateral, intercalar and terminal swellings,
5-8.5(-10) pm diam, unbranched, sometimes once branched,
(25-)50-250(—450) um long or even longer, 3.5-6(-7) um wide,
pluriseptate, not constricted at the septa, pale to pale medium
brown, smooth, with age somewhat asperulate, walls thickened,
usually one-layered, sometimes also two-layered, especially
near the base, somewhat swollen at the base and attenuated
towards the apex. Conidiogenous cells integrated, terminal and
intercalary, 6-30 um long, with characteristic nodulose swellings,
conidiogenous loci confined to them, situated on small shoulders
or multilateral swellings, mostly 1-3 per node, protuberant, almost
flat to short cylindrical, well differentiated in dome and raised rim,
1-2(-2.5) um diam, thickened, somewhat refractive or slightly
darkened. Conidia catenate, in unbranched or branched chains,
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broadly ellipsoid-subcylindrical to cylindrical, (8-)12-23(-32) x
(5-)6-9(-10) um, 0-3(-5)-septate, sometimes slightly constricted
at the median septum, pale to pale medium brown, smooth, surface
of older conidia sometimes appearing to be net-like, granular or
punctate, walls more or less thickened, ends broadly rounded, hila
protuberant, 1-2(-2.5) diam, thickened, refractive to somewhat
darkened; sporadically microcyclic conidiogenesis occurring.

In vitro: Mycelium immersed and superficial; hyphae loosely
branched, 1-4 pm wide, sometimes distinctly swollen, bulboid,
about 10 um wide, septate, not constricted at septa, subhyaline
to pale olivaceous-brown, smooth to loosely verruculose, walls
unthickened. Conidiophores macronematous, solitary, arising
terminally and laterally from hyphae, erect, flexuous, cylindrical-
oblong, nodose, with several nodes being quite apartfromeach other,
occasionally branched, very long, up to 1 350 um or even longer,
3-4(-5) um wide, nodes multilateral, 5-8 ym diam, pluriseptate, not
constricted at septa, pale to medium olivaceous-brown, smooth or
sometimes appearing to be reticulate, walls somewhat thickened,
about 0.5 um wide. Conidiogenous cells integrated, terminal and
intercalary, cylindrical-oblong, nodose with a single node per cell,
15-70 um long, loci restricted to swellings, usually 2-4 per node,
1-1.8(-2) ym diam Ramoconidia occasionally formed. Conidia
solitary or in short, unbranched or branched chains, more or less
straight, broadly ellipsoid-subcylindrical to cylindrical, unbranched
terminal conidia 9-16 x 5-7(-8) ym (av. £ SD: 12.5 £ 1.8 x 6.1
+ 0.7), 0-1-septate, catenate conidia 10.5-23(-30) x 5-8(-9) ym
(av. £SD:17.5+5.2 x6.0 £ 1.0), 0-1(-2)-septate, septum median
or somewhat in the upper or lower half or third, becoming sinuous
with age, pale to medium brown, smooth to loosely verruculose
or reticulate, walls unthickened or almost so, hila conspicuous,
1-1.8(-2) um diam, somewhat thickened and darkened-refractive;
microcyclic conidiogenesis sometimes occurring with conidia
forming secondary conidiophores.

Culture characteristics: Colonies on PDA attaining 5676 mm diam
after 14 d, grey-olivaceous to olivaceous or dull green, reverse
olivaceous-black, velvety, pulvinate to floccose, with a narrow white
or grey-olivaceous margin, regular to slightly undulate, somewhat
feathery, aerial mycelium sparse, locally constricted to few areas,
floccose, growth regular, flat to low convex, numerous small but not
very conspicuous exudates formed, sporulation profuse. Colonies
on MEA reaching 50-68 mm diam after 14 d, pale olivaceous-
grey, grey-olivaceous to greenish olivaceous due to abundant
sporulation, whitish to smoke-grey due to aerial mycelium, reverse
olivaceous-grey to iron-grey, velvety, powdery to floccose or fluffy,
with a white regular, glabrous or feathery, narrow margin, aerial
mycelium abundantly formed, floccose to fluffy, covering large part
of the colony surface, growth effuse, conical, radially furrowed
and wrinkled with elevated colony centre, few small conspicuous
exudates start to be formed, sporulating. Colonies on OA, 60-65
mm diam after 14 d, grey-olivaceous, whitish or pale olivaceous-
grey due to floccose aerial mycelium arranged in tufts, spotted,
reverse leaden-grey to iron-grey, pulvinate to floccose, margins
grey-olivaceous, glabrous, regular, growth flat, without prominent
exudates, sporulation profuse.

Substrate and distribution: On Colocasia esculenta (Araceag);
Africa (Ethiopia, Ghana, Guinea, Mauritius, Nigeria), Asia (Brunei,
China, Hong Kong, India, Indonesia, Japan, Malaysia, Nepal,
Pakistan, Sabah, Sarawak, South Korea, Taiwan), Australasia
(American Samoa, Australia, Cook Islands, Federated States
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of Micronesia, Fiji, French Polynesia, Kiribati, Marshall Islands,
New Caledonia, New Zealand, Niue, Palau, Papua New Guinea,
Solomon Islands, Tahiti, Tonga, Vanuatu, Western Samoa), Europe
(Portugal, Azores), North America (USA), West Indies (Barbados),
Central & South America (Brazil, Cuba, Dominican Republic,
Puerto Rico).

Additional specimens examined: Dominican Republic, intercepted at San Juan,
on Colocasia esculenta (Araceae), 9 Jul. 1985, R. Barbosa (BPI 525147, as C.
colocasiicola). Ethiopia, Kaffa Prov., Jimma, on Colocasia esculenta, 10 Nov. 1955,
R.B. Stewart (BPI 426383, BPI 426385, NY). Fiji, isol. from Colocasia esculenta,
June 2001, C.F. Hill (CBS 115191 = CPC 4323 = STE-U 4323). Japan, Kyoto, on
Colocasia esculenta, 2 Oct. 1924, K. Togashi (BPI 426382); Riken, BioResource
Centre, isol. from Colocasia esculenta (CBS 119542 = CPC 12726 = ICM 13264);
Sendai, 25 Oct. 1918, A. Yasuda (BPI 426381). Puerto Rico, intercepted at San
Juan, on Colocasia esculenta, 11 Mar. 1961, H.L. Rubin (BPI 426384).

Notes: Cladosporium colocasiae is a leaf-spotting species, confined
to Colocasia esculenta, with nodulose conidiophores that are
reminiscent of those of C. herbarum, C. oxysporum and C. variabile,
but its conidia are quite distinct (Schubert 2005b, Schubert et al.
2007b). In phylogenetic trees (TEF and ACT), sequences of this
species are nested within C. tenuissimum, but form a distinct, well-
supported clade, suggesting that additional markers are necessary
for a sufficient resolution. Type material of C. colocasiicola could
not be traced, but based on the original description and illustration
this name has to be reduced to synonymy with C. colocasiae.

Ho et al. (1999) examined C. colocasiae in culture and
published a first detailed description of its features in vitro,
recording the conidiophores as being much longer than on the
natural substratum. Matsushima (1980) mentioned Eucalyptus
sp. and Psidium guajava as additional hosts, but these records
probably refer to one of the superficially similar, saprobic species
mentioned above. Zhang et al. (2003) treat C. colocasiicola as a
separate species and cite a record on Nelumbo nucifera, which is,
however, very doubtful.

36. Cladosporium colombiae K. Schub. & Crous, Persoonia
22:120. 2009. Figs 79, 80.

Holotype: Colombia, Paramo de San Cayetano, isol. from a dead
leaf of Cortaderia (Poaceae), depos. May 1980, isol. W. Gams
(CBS H-10374), formerly stored as C. tenuissimum. Ex-type
culture: CBS 274.80 B.

Lit.: Bensch et al. (2010).
IIl.: Schubert et al. (2009: 120-121, figs 10-11).

In vitro: Mycelium immersed and superficial; hyphae branched,
1-5 um wide, septate, sometimes constricted at septa and with
swellings, up to 8 um diam, subhyaline to olivaceous or olivaceous-
brown, smooth to minutely verruculose or irregularly rough-walled,
sometimes covered by polysaccharide-like material, wart-like,
rugose, therefore irregular in outline, often forming ropes or
loose aggregations. Conidiophores macro- and micronematous,
arising terminally or laterally from ascending or plagiotropous
hyphae, erect, straight to flexuous, solitary or in pairs of two;
macronematous conidiophores cylindrical-oblong, non-nodulose,
unbranched or occasionally branched, 25-105 x 3-4(-4.5) pm,
often slightly attenuated towards the apex, 0-4(-5)-septate,
not constricted at septa, sometimes in short succession, pale to
medium olivaceous-brown, sometimes even dark olivaceous-
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Fig. 79. Cladosporium colombiae (CBS 274.80 B). Conidiophores and conidia in
vitro. Scale bar = 10 um. K. Bensch del.

brown, smooth to often minutely verruculose, especially towards
the apex, walls slightly thickened; micronematous conidiophores
filiform, narrower, paler, often only as peg-like lateral outgrowth
of hyphae, unbranched, 10-135 x 2-2.5 um, septate, subhyaline
to pale olivaceous-brown, smooth to minutely verruculose, walls
unthickened. Conidiogenous cells integrated, terminal, rarely
intercalary, cylindrical-oblong or filiform, 10 — 37 ym long, usually
with only a single apical locus, sometimes with 2-3 loci, then
subdenticulate, 1-2 ym diam, thickened and darkened-refractive.
Conidia catenate, in long branched chains, up to 10 conidia in the
unbranched part, small terminal conidia obovoid, 4-6.5 x 2.5-3(—4)
um (av. £ SD: 4.7 + 0.8 x 3.2 + 0.5), intercalary conidia ovoid,
limoniform to ellipsoid-ovoid, 6-9 x (2.5-)3-3.5 ym (av. £ SD: 7.0
+ 0.8 x 3.2 £+ 0.3), aseptate, attenuated towards apex and base,
secondary ramoconidia ellipsoid to subcylindrical, sometimes
clavate, 8-17(-23) x (2.5-)3-4 ym (av. £ SD: 13.8 £ 34 x 35 ¢
0.4), 0-1(-2)-septate, not constricted at the median septum, pale to
medium olivaceous-brown, smooth to minutely verruculose or often
irregularly rough-walled, walls somewhat thickened, about 0.5 um
thick, attenuated towards apex and base, with 2—4(-5) distal hila,
subdenticulate, 0.8-2 um diam, thickened and darkened-refractive;
microcyclic conidiogenesis sometimes occurring.

Fig. 80. Cladosporium colombiae (CBS 274.80 B). A-D. Conidiophores and conidia. E. Conidial chain. Scale bar = 10 um.
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Culture characteristics: Colonies on PDA grey-olivaceous, reverse
iron-grey to greenish blue, fluffy to felty, margin feathery, aerial
mycelium high, fluffy, growth low convex to convex, without
prominent exudates, sporulation profuse. Colonies on MEA smoke-
grey to grey-olivaceous and pale olivaceous-grey with small dots
of olivaceous-grey towards margins, whitish or glaucous-grey
towards margins, reverse iron-grey, velvety to woolly-felty, margins
colourless to white, somewhat feathery, growth flat, exudates few
and small but conspicuous, sporulation profuse.

Substrate and distribution: On leaves of Cortaderia; Colombia.

Notes: Cladosporium colombiae is phylogenetically closely allied
to C. chubutense, but the latter species is morphologically quite
distinct by having usually distinctly geniculate, longer conidiophores
and minutely verruculose to verruculose, larger conidia formed in
short chains. Cladosporium ramotenellum, C. subtilissimum and C.
tenuissimum are additional comparable species but can be easily
distinguished by the size and shape of their conidia (Schubert et al.
2007b). The ecology of C. colombiae remains unclear with respect
to its possible role as a saprobe or pathogen.

37. Cladosporium corrugatum McAlpine, Fungus Dis.
Citrus Trees Austral.: 88. 1899. Fig. 81.

Holotype: Australia, Armadale near Melbourne, on both surfaces
of green orange leaves (Citrus xaurantium, Rutaceae), Jan. 1899
(VPRI 5924).

Lit.: Saccardo (1913a: 1367), Schubert (2005b: 58-60).
Ill.: McAlpine (1899: fig. 57), Schubert (2005b: 59, fig. 18).

In vivo: Leaf spots amphigenous, oval to irregular, 3-18 mm
wide, pale to dark grey-brown, on the upper leaf surface with an
irregular, narrow, dark reddish brown, somewhat raised margin,
on the lower leaf surface margin wider, at first yellowish brown,
later somewhat reddish, irregularly lobed in outline, surface of the
spots more or less corrugated. Colonies amphigenous, punctiform
to effuse, caespitose, forming dense tufts, dark brown to even
blackish, confluent, velvety. Mycelium immersed, subcuticular
to intraepidermal; hyphae sparingly branched, 3-4 um wide,
sometimes slightly swollen and up to 6 ym wide, septate, not
constricted or slightly constricted at the septa, subhyaline to pale
olivaceous, smooth, walls not or barely thickened. Stromata mostly
substomatal, composed of subglobose to somewhat angular, loosely
to densely arranged, thick-walled cells, 5-9 ym wide, pale to dark
olivaceous-brown, smooth. Conidiophores solitary or fasciculate,
loose to dense, arising from stromata, emerging through stomata or
erumpent through the cuticle, straight to often somewhat flexuous,
somewhat geniculate-sinuous, unbranched, rarely branched, 15-
70 x 3-6 um, septate, medium to dark olivaceous, occasionally
somewhat paler towards the apex, smooth, walls not or only slightly
thickened, often somewhat swollen at the base. Conidiogenous
cells integrated, terminal or intercalary, cylindrical, 5-25 pm long,
proliferation sympodial, with a single to several conidiogenous
loci, protuberant, subdenticulate, mostly truncate, 0.5-1.5(=2) um
diam, periclinal rim often not very conspicuous, slightly thickened,
only somewhat darkened-refractive. Conidia catenate, in branched
chains, more or less straight, obovoid, ellipsoid to sometimes

Fig. 81. Cladosporium corrugatum (VPRI 5924). Conidiophores and conidia in vivo. Scale bar = 10 um. K. Bensch del.
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subcylindrical, 3-20 x 2.5-7 um, 0-2(-3)-septate, not constricted
at the septa, pale olivaceous to olivaceous-brown, smooth, rarely
minutely verruculose, walls not to slightly thickened, apex rounded
or somewhat attenuated, with a single or few apical hila, hila
truncate to slightly convex, 0.5-1.5(-2) um diam, slightly thickened,
somewhat  darkened-refractive;  microcyclic  conidiogenesis
oceurring.

Substrate and distribution: On Citrus xaurantium; Australia.

Notes: Cladosporium corrugatum is a leaf-spotting species well-
distinguished from other Cladosporium spp. occurring on Citrus
and other hosts. Type material of C. citri Massee, C. farnetianum
(= C. citri Briosi & Farneti, nom. illeg.), C. furfuraceum, and
C. subfusoideum, additional species described from Citrus, is
not preserved. Cladosporium brunneoatrum, causing “False
Melanose” on leaves and fruits of Citrus xaurantium, is excluded
from Cladosporium s. str., but its taxonomic status remains
unknown since the type material is very sparse. Type details of
C. subfusoideum recorded on fruits of Citrus medica agree with
Diplodia citricola. Cladosporium elegans var. singaporense is
conspecific with Spiropes guareicola (Schubert & Braun 2005a).
Cladosporium sclerotiophilum, introduced by Sawada (1931) and
only described in Japanese, has to be excluded from Cladosporium
s. str., but its taxonomic affinity is not yet clear.

38. Cladosporium coryphae (Syd. & P. Syd.) J.C. David,
Mycol. Pap. 172: 99. 1997. Fig. 82.

Basionym: Heterosporium coryphae Syd. & P. Syd., Philipp. J. Sci.
8:196. 1913.

Lectotype (selected by David, 1997): Philippines, Mindoro, San
José, on leaves of Corypha elata (Arecaceae), Jan. 1912, PW.
Graff, Sydow, Fungi Exot. Exs. 48 (S). Isolectotypes: IMI 10041,
K, M-0057517.

Ill.: David (1997: 89, fig. 22 I-K; 101, fig. 27).
Exs.: Sydow, Fungi Exot. Exs. 48.

In vivo: On leaves without conspicuous spots or discolorations.
Colonies amphigenous, caespitose, loose to dense, effuse,
medium olivaceous-brown to brown, velvety, covering more
or less the whole leaf surface. Mycelium external, superficial,
radiating around caespitulae, hyphae branched, 3-7 pm wide,
pluriseptate, translucent, pale to medium yellowish brown to
olivaceous-brown, smooth, walls slightly thickened, cells becoming
often somewhat swollen, subglobose, up to 15 ym wide, forming
stromatic hyphal aggregations. Conidiophores solitary or loosely
fasciculate, arsising from stromatic hyphal aggregations or from
hyphae, spreading out irregularly to give a somewhat floccose
appearance, erect, flexuous and somewhat sinuous, slightly
geniculate near the apex, unbranched, occasionally branched,
(35-)70-300(-400) x 4-7(-8) um, slightly attenuated towards the
apex, septate, septa often not very conspicuous, pale to medium
chestnut-brown, paler brown or somewhat greyish brown near the
apex, smooth, walls somewhat thickened, sometimes two distinct
wall layers visible. Conidiogenous cells integrated, terminal to
more rarely intercalary, cylindrical-oblong to somewhat geniculate,
17-85 um long, proliferation sympodial, with a single or few,
more or less protuberant conidiogenous loci, 1.5-3 pm diam,
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Fig. 82. Cladosporium coryphae (S). Loosely fasciculate conidiophores and conidia
in vivo. Scale bar = 10 um. K. Bensch del.

thickened, darkened-refractive. Conidia catenate, in unbranched
or branched chains, usually straight, occasionally slightly curved,
obovate, obpyriform, broadly ellipsoid to subcylindrical, 9-32(-44)
x (5-)7-14(-17) pm, 0-4(-5)-septate, occasionally distoseptate,
not constricted at septa, straw-coloured, becoming more densely
pigmented, ochre brown to red-brown, smooth, walls thickened,
usually 2-3-layered, appearing zonate, different zones with
different pigmentation, cells appearing to have a distinct lumen,
hila not very conspicuous, 1-3 ym diam, thickened, darkened-
refractive; microcyclic conidiogenesis occuring.

Substrate and distribution: On Corypha elata; Philippines.
Notes: This species was placed in the separate subgenus

Bistratosporium (David 1997), which is, however not tenable.

39. Cladosporium cucumerinum Ellis & Arthur, Bull. Agric.
Exp. Sta., Indiana 19: 9-10. 1889. Figs 83, 84.

Holotype: USA, New York, Geneva, on fruits of Cucumis sativus
(Cucurbitaceae), J.C. Arthur (NY).
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Fig. 83. Cladosporium cucumerinum (BPI 426422). Conidiophores and conidia in
vivo. Scale bar = 10 um. K. Bensch del.

Epitype (designated in Bensch et al. 2010): isol. from fruits of C.
sativus (CBS H-20429). Ex-type culture: CBS 171.52 = MUCL
10092.

= Scolecotrichum melophthorum Prill. & Delacr., Bull. Soc. Mycol. France 7(1):
219.1891.
= Macrosporium melophthorum (Prill. & Delacr.) Rostr., Gartn.-Tidende
24:18.1893.
= Cladosporium cucumeris A.B. Frank, Z. Pflanzenkrankh. 3: 31. 1893
[holotype: B 700006228].
= Cladosporium scabies Cooke, Gard. Chron., Ser. 3, 34: 100. 1903 [type: K].
= Cladosporium cucumerinum var. europaeum Bubak, in herb. [BPI 426422].

Lit.: Saccardo (1892: 601), Lindau (1907: 830, 1910: 797), Ferraris
(1912: 349), Gonzales-Fragoso (1927: 206), Cash (1952: 68),
de Vries (1952: 62), Ellis (1971: 318), Ellis & Holliday (1972),
Brandenburger (1985: 403), Ellis & Ellis (1985: 339), von Arx (1987
193), McKemy & Morgan-Jones (1992), Ho et al. (1999: 125),
Zhang et al. (2003: 80-82), Schubert (2005b: 60-63), Bensch et
al. (2010: 35-37).

lll.: de Vries (1952: 63, fig. 12), Ellis (1971: 318, fig. 219 B), Ellis
& Holliday (1972: fig.), von Arx (1987: 194, fig. 83b), McKemy &
Morgan-Jones (1992; 165, fig. 1; 167, pl. 1), Ho et al. (1999: 124,
fig. 14), Zhang et al. (2003: 81, fig. 45), Schubert (2005b: 62, fig.
19), Bensch et al. (2010: 36, fig. 21).

Exs.: Petrak, Fl. Bohem. Morav. Exs. Pilze 2108; Poelt & Scheuer,
Reliqu. Petrak. 2342; Savulescu, Herb. Mycol. Roman. 643.

In vivo: On living leaves, petioles, stems, fruits and young shoots,
causing cucumber gummosis or scab and crown blight, on
leaves forming necrotic, water-soaked spots, sometimes with a
gummy exudate, sporulation mostly only sparse; on fruits forming
pronounced, deeply sunken brownish lesions, up to 10 mm diam or
confluent, with a gummy exudate, older fruits with brown, cork-like
scabs; young seedlings sometimes seriously damaged, dieback
of apical shoots may occur. Colonies effuse, loosely to densely
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caespitose, pale to medium or almost dark greyish olive, velvety
or somewhat felt-like with age. Mycelium partly immersed in the
substratum, partly superficial; hyphae branched, 2-6 pm wide,
septate, subhyaline to pale olivaceous or pale brown, smooth,
walls somewhat thickened, sometimes forming loose hyphal
aggregations, composed of swollen, subglobose hyphal cells,
pale medium brown, thick-walled, immersed hyphae often with a
slime coat, sometimes becoming spirally twisted. Conidiophores
solitary or in small groups, loose to somewhat dense, arising from
internal and external hyphae, lateral or terminal, or from swollen
hyphal cells or hyphal aggregations, erect, straight to somewhat
flexuous, cylindrical to filiform, often somewhat geniculate-sinuous
towards the apex, without multilateral swellings, unbranched, often
with short, subapical, lateral projections, sometimes branched,
once to several times, 10-300(-400) x 3-7(-8) um, septate,
sometimes constricted at the septa, pale to medium olivaceous-
brown or pale to pale medium brown, somewhat paler towards
the apex, smooth, walls somewhat thickened, often swollen and
somewhat bulbous at the base, up to 8 um wide. Conidiogenous
cells integrated, terminal and intercalary, cylindrical or somewhat
geniculate, 18-65 pm long, proliferation sympodial, with a single
to several conidiogenous loci, subdenticulate, often situated on
small shoulders or short lateral projections, protuberant, often
truncate and almost flat, 1-2.5 ym diam, central dome usually not
higher than the surrounding rim, thickened, refractive to darkened-
refractive. Ramoconidia occasionally occurring, cylindrical-oblong,
up to 52 pm long, mostly aseptate, base 3—4 um wide, unthickened,
not darkened, sometimes slightly refractive. Conidia catenate,
usually in branched chains, straight to slightly curved, terminal
and intercalary conidia subglobose, obovoid, ellipsoid, fusiform or
limoniform, 3-25 x 2-7(-9) um, 0(-1)-septate, occasionally slightly
constricted at the septum, secondary ramoconidia cylindrical to
somewhat clavate or occasionally ampulliform to doliiform, up to
35 pm long, 3-7(-8) uym wide, 0-2(-3)-septate, with age slightly
constricted at the septa, subhyaline, pale brown or pale olivaceous-
brown, smooth, sometimes minutely verruculose, walls somewhat
thickened, apex broadly rounded or with a single to several (up to
5) somewhat denticle-like hila, more or less truncate at the base,
hila protuberant, 1-2.5 um diam, thickened, refractive to somewhat
darkened; microcyclic conidiogenesis sometimes observed.

In vitro: Mycelium immersed and superficial; hyphae sparingly
branched, 0.5-4 pm wide, later up to 8 ym wide, septate, with
age constricted at septa, subhyaline to very pale brown or pale
olivaceous-brown, later olivaceous-brown, smooth or almost
so, walls unthickened, broader hyphae with slightly thickened
walls. Conidiophores solitary, macro- and micronematous, arising
terminally from ascending and laterally from plagiotropous hyphae,
erect, straight to slightly flexuous, macronematous conidiophores
cylindrical-oblong, sometimes once geniculate-sinuous with
conidiogenous loci situated laterally on shoulders, non-nodulose,
usually unbranched on SNA, sometimes once branched towards
the apex (often branched on PDA according to McKemy & Morgan-
Jones, 1992), up to 350 um long, 3-5(-5.5) ym wide, pluriseptate,
not constricted at septa, often more densely septate towards the
base, pale brown, later medium brown, smooth, walls unthickened
or slightly thickened, up to 0.5 um wide; micronematous
conidiophores straight to slightly flexuous, filiform, narrower, 1-2
um wide, septate, smooth. Conidiogenous cells integrated, usually
terminal, filiform to cylindrical-oblong, sometimes once geniculate,
up to 47 pum long, 1-2(-3) loci, protuberant, subdenticulate,
1.5-2 ym diam, somewhat thickened and darkened-refractive.
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Fig. 84. Cladosporium cucumerinum (CSB 171.52, epitype). A. Symptoms on fruits of Cucumis sativus (holotype NY). B-G. Conidiophores and conidial chains in vitro. Scale

bars =10 um.

Ramoconidia occasionally formed, cylindrical-oblong, 24-43 x
3-3.5 ym, 0-2-septate, smooth, base truncate, 2.5-3 um wide,
unthickened or only slightly so. Conidia catenate, in long loosely
branched chains, often dichotomously branched, up to 10(-14)
conidia in the terminal unbranched part of the chain, straight, small
terminal conidia obovoid to ellipsoid-ovoid, subglobose, 4-8(-10)
x (1-)1.5-3(-3.5) ym (av. + SD: 6.4 £ 1.2 x 2.2 + 0.5), aseptate,
hila 0.5-0.8(-1) ym diam, intercalary conidia ellipsoid-ovoid to
fusiform or subcylindrical, sometimes limoniform, 7-15(-17) x
(2-)2.5-4(-5) ym (av. £ SD: 10.9 £ 2.7 x 3.2 + 0.6), 0(-1)-septate,
hila 0.8-1.2(-1.5) um, secondary ramoconidia ellipsoid, fusiform to
cylindrical-oblong, (9.5-)14-30(-40) x (2.5-)3-5(-5.5) um (av. £
SD: 21.8 £ 5.8 x 3.8 £ 0.7), 0-2(-3)-septate, with age sometimes
slightly constricted at septa, septum median or in the upper or
lower third, pale brown or very pale brown, later becoming medium
brown, smooth, walls unthickened, slightly attenuated towards
apex and base, cells sometimes with small cavities, hila 1.5-2.2(-
2.5) ym diam, conspicuous, subdenticulate, somewhat thickened
and darkened-refractive; conidia often germinating, forming
micronematous conidiophores and conidia.

Culture characteristics: Colonies on PDA attaining 50-78 mm
diam after 14 d, grey-olivaceous to olivaceous-grey or olivaceous,
sometimes dull green towards margins and somewhat zonate,
reverse olivaceous-black, velvety to floccose or felty, margin
narrow to broad, colourless to white, regular, somewhat feathery,
aerial mycelium absent, sparse or sometimes abundantly formed
at few parts of the colony or covering almost the whole colony
surface, white, loose to dense, woolly, floccose, growth flat, regular,
without prominent exudates, sporulation profuse. Colonies on MEA
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reaching 36-73 mm diam after 14 d, grey-olivaceous to smoke-
grey, whitish due to aerial mycelium, reverse iron-grey, velvety
to fluffy, margin white, glabrous, regular, aerial mycelium dense,
forming mats, covering large parts of the colony surface, growth
flat, somewhat wrinkled and folded in colony centre, sometimes
with several prominent exudates, sporulation profuse. Colonies on
OA attaining 54-79 mm diam after 14 d, pale olivaceous-grey, grey-
olivaceous to smoke-grey or whitish, grey-olivaceous or iron-grey
at margins, reverse leaden-grey to iron-grey, velvety to floccose,
margin regular, colourless to white, glabrous, aerial mycelium
absent to abundantly formed, covering most of the colony surface,
growth flat, regular, without prominent exudates, sporulation
profuse.

Substrates and distribution: on leaves, stems and fruits of
Cucurbitaceae, especially Cucumis sativus, C. melo and Cucurbita
pepo, other host genera Citrullus, Lagenaria, Luffa, Momordica,
Sechium; cosmopolitan — Citrullus lanatus (Greece, Korea, Puerto
Rico, Romania, USA), C. vulgaris (Canada, Puerto Rico, USA,
Virgin Islands, Turkmenistan,), Coccinia grandis (Kenya), Cucumis
melo (Canada, France, Czech Republic, Great Britain, Greece,
India, Mexico, Netherlands, Panama, Romania, South Africa,
South Korea, Turkmenistan, USA, Zimbabwe), C. sativus (Armenia,
Austria, Brazil, Canada, China, Czech Republic, Denmark, Estonia,
Germany, Great Britain, Greece, Iran, ltaly, Japan, Jordan,
Kenya, Latvia, Mauritius, Mexico, Netherlands, Panama, Poland,
Romania, South Africa, South Korea, Suriname, Switzerland,
USA, Zimbabwe), Cucumis spp. (Germany, Mexico, South
Korea), Cucurbita maxima (Canada, Chile, China, USA), C. pepo
(Barbados, Mauritius, New Zealand, Pakistan, South Africa, USA,
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Zimbabwe), Cucurbita spp. (Canada, USA), Lagenaria siceraria
(China, Greece, India), Luffa acutangula (India), L. cylindrica (= L.
aegyptiaca) (China), Momordica charantia (China), Sechium edule
(Panama), without host (Georgia, Hungary, Norway).

Additional specimens examined: Sine loco, isol. from fruits of Cucumis sativus
(Cucurbitaceae), W.W. Gilbert (CBS 108.23); isol. and ident. by J. Westerdijk, 1908
(CBS 109.08). Austria, Kérnten, Poertschack at the Worther See, on C. sativus,
Aug. 1902, E. Cerny (BPI 426422, original material of Cladosporium cucumerinum
var. europaeum). Czech Republic, Mahren-Weisskirchen, on C. sativus, Aug.
1925, F. Petrak, Petrak, FI. Bohem. Morav. Exs. Pilze 2108 (M-0057514). Denmark,
Kopenhagen, on C. sativus, 20 Sep. 1907, J. Lind, Flora Danica (B 700006220);
25 Sep. 1907, J. Lind, Lind, Flora Danica (B 700006219, HBG). Germany,
Bayern, Mdgeldorf near Nirnberg, on C. sativus, 16 Sep. 1906, P. Magnus
(HBG); Brandenburg, Berlin, Aug. 1924, Noack (B 700006224); Versuchsfeld near
Dahlem, 20 Sep. 1902, P. Magnus (HBG); Kreis Oder-Spree, Erkner near Berlin,
18 Jun. 1892 (B 700006228, holotype of Cladosporium cucumeris); Mecklenburg-
Vorpommern, Bramow near Rostock, 18 Aug. 1924, Fr. Malchow (B 700006225);
Sachsen, Dresden-Stetzsch, on Cucumis sp., Jul. 1920, Laubert (B 700006222);
Sachsen-Anhalt, Harz, Quedlinburg, on C. sativus, 30 Jul. 1934 (B 700006221).
Netherlands, isol. by G.A. de Vries (CBS 158.51 = ATCC 11279 = IFO 6370
= IMI 049628 = VKM F-817); Amsterdam, G.W. van der Helm, isol. by G.A. de
Vries, Jan. 1951 (CBS 173.54); Berkel, G.W. van der Helm, isol. by G.A. de Vries
(CBS 174.54, CBS 175.54); Naaldwik, isol. by S. Dudok de Wit, CBS 123.44;
Jan. 1951, G.W. van der Helm, isol. by G.A. de Vries (CBS 176.54); Sloten, coll.
by G.W. van der Helm, isol. by G.A. de Vries (CBS 172.54). Pakistan, Lahore,
on Cucurbita pepo, Dec. 1951, S. Ahmad, Reliqu. Petrak. 2342 (B 700006227,
M-0057513). Poland, Oberschlesien, Proskau, on C. sativus, 1 Sep. 1895 (B
700006226). Romania, Muntenia, District llfov-Bucuresti, on C. sativus, 13 Jul.
1933, T. Savulescu & C. Sandu, Savulescu, Herb. Mycol. Roman. 643 (M-0057515,
M-0057516). Switzerland, Graublnden, Plantahof, Landquart, on C. sativus, 23
Sep. 1901, A. Volkart (HBG). USA, Massachusetts, Clinton, on C. sativus, Oct.
1892, C.A. Chase, Massachusetts Fungi 828 (NY); Dwight, on Cucumis melo, 16
Aug. 1916, Massachusetts Fungi 2040 (NY); Pennsylvania, isol. from painted floor
by M.H. Downing, 1951 (CBS 174.62 = ATCC 16022 = ATHUM 2861 = CECT
2110 = IFO 31006 = IMI 045534 = MUCL 19019 = QM 489 = VTT D-92188).

Notes: Cladosporium cucumerinum is a biotrophic species confined
to hosts of the Cucurbitaceae. In phylogenetic analyses, this species
clustered as a sister to C. subuliforme (Bensch et al. 2010, fig. 1,
part c), but formed a distinct lineage. Morphologically it resembles
C. cladosporioides, but differs in having geniculate conidiophores
and somewhat wider conidia. The characters of the two species
in vitro are also distinct. In de Vries (1952) and McKemy &
Morgan-Jones (1992) “Macrosporium cucumerinum Ellis & Everh.,
Hedwigia 7: 49. 1896.” is cited as a synonym of C. cucumerinum,
but in Hedwigia, vol. 7 (published in 1868, not in 1896) there is
no reference to this name. In Index Fungorum the original citation
of Macrosporium cucumerinum is given as “Proc. Acad. Nat. Sci.
Philadelphia 1895: 440. 1895.” and “Alternaria cucumerina (Ellis
& Everh.) A. Elliott, Amer. J. Bot. 4: 472. 1917.” is given as current
name. De Vries (1952) listed Chloridium polysporum (= Acladium
polysporum) as an additional synonym and stressed that this name
antedated C. cucumerinum. McKemy & Morgan-Jones (1992)
discussed this “synonymy” and stated that the two species are
not identical and do not even belong in the same genus. Hughes
(1958), who examined type material of Wallroth’s species, reduced
A. polysporum to synonymy with Botrytis cinerea.

Cladosporium cucumerinum, the causal organism of crown
blight and scab or gummosis disease is widespread and common
especially on Citrullus lanatus, Cucumis melo, C. sativus and
Cucurbita pepo, but various records from other members of the
Cucurbitaceae belong very probably to this species and are,
therefore, listed under “substrates and distribution”. However,
there are also records on hosts belonging to other families. These
records are partly doubtful, but may indicate that this species is not
confined to cucurbits. Molecular analyses based on material from
hosts of other plant families are necessary to solve this problem.
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Roberts et al. (1986) examined the internal mycoflora of achenes
of Helianthus annuus (Asteraceae) and reported C. cucumerinum
as isolated from developing sunflower seeds. Morphological data
and illustrations have not been provided, and cultures could not be
traced, so that a verification of the identity of the fungus concerned
was not possible. Hasija (1967) described this species from India
on Solanum tuberosum (Solanaceae). In Korea, a Cladosporium
species was isolated from leaves of Solanum melongena cultivated
in a greenhouse, and identified as C. cucumerinum by Kwon et al.
(1999). They carried out inoculation experiments and reported it to
cause symptoms in seedlings of watermelon, cucumber, oriental
melon and pumpkins. Kwon et al. (2000) reported it to cause a
black scab disease on sword bean (Canavalia ensiformis = C.
gladiata, Fabaceae) in greenhouses in Korea. Mendes et al. (1998)
listed Capsicum annuum as a further host species. An isolate from a
painted floor in the USA very probably resulted due to contamination
with C. cucumerinum (Bensch et al. 2010). The species was
originally described from North America but an epitypification with
European material is justified due to its pathogenicity to several
hosts of cucurbits and its cosmopolitan distribution.

40. Cladosporium cycadis Marcolongo, Riv. Patol. Veg.,
Ser. 2, 7(1): 8. 1914. Fig. 85.

Neotype (designated here): Italy, Orto Botanico di Napoli, on
Cycas revoluta (Cycadaceae), |. Marcolongo, Cavara & Pollacci,
Fung. Paras. Piante Colt. Utili Exs. 439 (BPI 426433). Isoneotype:
M-0057511.

Lit.. Saccardo (1931; 790), Rao & Baheker (1964), Zhang et al.
(1998a: 6, 2003: 82-83).

lll.: Zhang et al. (1998a: 5, fig. 2; 2003: 82, fig. 46).

Exs.: Cavara & Pollacci, Fung. Paras. Piante Colt. Utili Exs. 439;
Ciferri, Mycofl. Doming. Exs. 392.

In vivo: On living and faded leaves, causing dingy olivaceous-green
to brown lesions, small to large leaf segments becoming necrotic,
size and shape variable, margin indefinite, later sometimes entire
leaves turning brown. Colonies faintly punctiform to effuse, often

) gg
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Fig. 85. Cladosporium cycadis (BPI 426433). Conidiophores and conidia in vivo.
Scale bar =10 um. U. Braun del.
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rather inconspicuous, dark brown. Mycelium internal. Stromata
lacking or small, up to 50 um diam, brown, immersed to slightly
erumpent. Conidiophores solitary orin small, usually loose fascicles,
arising from internal hyphae, swollen hyphal cells or stromata,
erect, erumpent, straight, subcylindrical to usually geniculate-
sinuous, often strongly so, sometimes subnodulose, unbranched
or branched, 20-60 x 2-6 um, pluriseptate throughout, olivaceous-
brown, smooth, wall thin, ca. 0.5 ym wide. Conidiogenous cells
integrated, terminal and intercalary, 10-25 ym long, conidiogenous
loci 1-1.5 pm diam, slightly protuberant. Conidia catenate, in
simple or branched chains, subglobose, ellipsoid-ovoid, fusiform,
subcylindrical, 4-10 x 2-5 pym, secondary ramoconidia 6-24 x 3—7
um, 0-2(-3)-septate, subhyaline to pale olivaceous or olivaceous-
brown, smooth, thin-walled, up to 0.5 um, ends obtuse to attenuated,
hila often somewhat protuberant, subdenticulate, 1-1.5 ym diam,
distinctly coronate; microcyclic conidiogenesis not occurring.

Substrates and distribution: On Cycas spp. (Cycadaceae); Asia,
Europe, Central America — C. intermedia (Czech Republic), C.
revoluta (China, Dominican Republic, Italy), C. rumphii (China).

Additional specimens examined: Czech Republic, Moravia, “Eisgrub”, on Cycas
intermedia, H. Zimmermann, ex herb. Bubak, 20 Feb. 1909 (BPI 426121).
Dominican Republic, Prov. Santo Domingo, Llano Costero, Ciudad Trujillo, on
Cycas revoluta, Jul. 1928, R. Ciferri, Ciferri, Mycofl. Doming. Exs. 392 (BPI 426432).

Notes: Cladosporium apicale differs in having much longer
conidiophores.

41. Cladosporium delectum Cooke & Ellis, Grevillea 6(37):
6. 1877. Fig. 86.

Lectotype (selected here): USA, New Jersey, Newfield, on dead
leaves of Magnolia virginiana (= M. glauca) (Magnoliaceae), J.B.
Ellis 3038 [ex herb. Cooke 1885] [K (F) 121550].

Lit.. Saccardo (1886: 358), Lindau (1907: 822), Ferraris (1912;
341), Cash (1952: 68).

Ill.: Cooke & Ellis (1877: pl. 96, fig. 36).

Exs.: Ellis, N. Amer. Fungi 371; Ellis & Everhart, Fungi Columb.
164.

In vivo: Saprobic on dead leaves (leaf litter). Colonies punctiform
to effuse, blackish brown. Mycelium immersed. Stromata lacking.
Conidiophores solitary or in small to moderately large, loose fascicles,
arising from immersed hyphae or small aggregations of swollen hyphal
cells, erect, straight to usually strongly geniculate-sinuous, but not
nodulose, unbranched or occasionally branched, 50-300 x 3-8 um, at
the very base up to 12 um wide, pluriseptate throughout, medium to
medium dark brown, smooth or aimost so, wall thickened, 0.5-1.5(-2)
um wide, often distinctly two-layered, above all below. Conidiogenous
cells integrated, terminal and intercalary, 10-25 um long, with a single or
several conidiogenous loci, only slightly protuberant, 1-2 um diam, raised
periclinal rim not very evident when viewed by light microscopy. Conidia
catenate, in simple or branched chains, ramoconidia and secondary
ramoconidia present, 8-18 x 3-7 um, 0-3-septate, ramoconidia with
truncate base, 24 um wide, without coronate hilum, conidia ellipsoid-
ovoid, fusiform, subcylindrical, 3-15 x 2.5-5.5 um, 0-1-septate,
subhyaline to pale olivaceous or olivaceous-brown, smooth or almost
50, thin-walled (< 1 um), ends rounded to attenuated, hila 1-2 ym diam.
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Fig. 86. Cladosporium delectum [K (F) 121550]. Conidiophores and conidia in vivo.
Scale bar =10 um. U. Braun del.

Substrate and distribution: On dead leaves of Magnolia virginiana;
USA.

Additional specimens examined: USA, New Jersey, Newfield, on dead leaves of
Magnolia virginiana, June 1878, Ellis, N. Amer. Fungi 371(NY) and June 1893, Ellis
& Everhart, Fungi Columb. 164 (NY), topotype material.

Notes: Zhang et al. (2003) recorded, described and illustrated this
species from China on leaves of Castanea mollissima. However,
the Chinese collection does not agree with type material of C.
delectum. Some duplicates of Fungi Columb. 164 contain mixtures
of Cladosporium herbarum, C. cladosporioides and Alternaria sp.

42. Cladosporium delicatulum Cooke, Grevillea 5(33): 17.
1876. Figs 87-92.

Holotype: India, on dead leaves (litter), Colonel Hobsen, No.
23 (K [M] 121551). Isotypes: Vize, Micro-Fungi Exot. 24 (e.g., B
700006230).

= Cladosporium fasciculatum f. scirpi-lacustris Roum., Fungi Sel. Gall. Exs.,
Cent. 17, No. 1688. 1881, nom. nud. [syntypes: e.g. FH].

= Cladosporium fasciculatum var. densum Ravenel, Fungi Amer. Exs., Cent.
VII, No. 602. 1882, nom. nud. [syntype: BPI 426554]

= Cladosporium tuberum Cooke, Grevillea 12(61): 31. 1883 [lectotype: K].

Lit.; Saccardo (1886: 361-362), Bensch et al. (2010; 37-40).

lll.: Bensch et al. (2010: 3840, figs 22-25).

Exs.: Anonymous, Calif. Fungi 427; Herter, Plantae Urug. Exs.
1496; Ravenel & Cooke, Fungi Amer. Exs. 600, 602; Roumeguére,
Fungi Sel. Gall. Exs. 1688; Thimen, Mycoth. Univ. 1767.

Description based on poor type material: Saprobic, on dead
leaves, forming punctiform colonies, effuse, dark brown to blackish.
Mycelium immersed. Conidiophores solitary or loosely aggregated,
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Fig. 87. Cladosporium delicatulum. Conidiophores and conidia in vivo. Scale bar =
10 um. U. Braun del.

Fig. 88. Cladosporium delicatulum [K (M) 121551]. Conidiophores and conidia in
vivo. Scale bar =10 um. U. Braun del.

caespitose, arising from immersed hyphae or aggregations
of swollen, brown hyphal cells, 3-8 um diam, erect, straight,

subcylindrical-conical to usually distinctly geniculate-sinuous,
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Fig. 89. Cladosporium delicatulum (K, lectotype of C. tuberum). Conidiophores and
conidia in vivo. Scale bar =10 ym. U. Braun del.

usually unbranched, rarely once branched, 20-100 x 3-5.5 pm,
pluriseptate, pale to medium dark brown, smooth to rough-walled,
walls thickened, 0.5-1.5 ym wide. Conidiogenous cells integrated,
terminal and intercalary, 10-30 pm long, conidiogenous loci
conspicuous, coronate, 1-2 pm diam, somewhat protuberant.
Conidia catenate, in simple or branched chains, 5-15 x 2.5-6 um,
terminal conidia obovoid, aseptate, intercalary conidia ellipsoid-
fusiform, 0-1-septate, secondary ramoconidia ellipsoid-fusiform,
subcylindrical, 0-1(-2)-septate, pale olivaceous to olivaceous-
brown, smooth or almost so, thin-walled, but often with distinctly
reduced lumen, with a single basal and 1-2 terminal hila, 1-1.5
um diam.

Variation of other collections in vivo: Saprobic on dead leaves, fruits,
stems, tubers or necrotic lesions caused by other fungi. Colonies
punctiform, pustulate to effuse, forming loose to dense patches or
covers, dingy dark brown to usually blackish. Mycelium immersed;
hyphae simple or branched, 2-7 ym wide, septate, olivaceous
to brown, wall thin to slightly thickened, smooth or almost so,
forming strands and small to well-developed, stromatic hyphal
aggregations, loose to dense, immersed to somewhat erumpent,
composed of swollen hyphal cells 2.5-12 pm diam, olivaceous,
olivaceous-brown to dark brown, wall thin to somewhat thickened.
Conidiophores solitary or loosely aggregated, caespitose to almost
fasciculate, arising from immersed hyphae or stromatic hyphal
aggregations, on leaves erumpent or emerging through stomata,
erect to decumbent, straight, subcylindrical to geniculate-sinuous,
occasionally subnodulose, simple or occasionally branched, 10-200
x 3-7 um wide, septate, usually pluriseptate throughout, sometimes
constricted at the septa, pale to dark olivaceous-brown, brown to
medium dark brown, sometimes paler towards the apex, wall thin
to somewhat thickened, usually thick below and thinner towards
the apex, 0.5-1.5(-2) um, occasionally distinctly two-layered near
the base, smooth to rough-walled. Conidiogenous cells integrated,
terminal, sometimes also intercalary, 8-32 ym long, conidiogenous
loci 1-2 um diam, slightly protuberant, differentiation of the
raised periclinal rim often not very distinct, somewhat darkened-
refractive. Conidia in simple and branched chains, ellipsoid-ovoid,
obovoid, fusiform, subcylindrical, rarely subglobose, 3-25(-30) x
(2-)3-6(-7) pm, 0-3-septate, pale to medium olivaceous-brown
or brown, smooth or almost so, occasionally smooth and rough-
walled conidia mixed (above all small, aseptate conidia sometimes
verruculose), cells sometimes with distinct lumen giving the conidia

103



BENSCH ET AL.

Fig. 91. Cladosporium delicatulum (CBS 126344). Macro- and micronematous conidiophores and conidial chains in vitro. Scale bar = 10 um. K. Bensch del.
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Fig. 92. Cladosporium delicatulum (CBS 126344). A-G. Macronematous conidiophores and conidial chains. Scale bar = 10 pym.

a rather thick-walled appearance, ends rounded to attenuated,
wall thin (< 1 ym), hila 1-2 pm diam, barely to slightly protuberant,
occasionally somewhat denticle-like; germination and microcyclic
conidiogensis occurring.

In vitro: Mycelium immersed, rarely superficial; hyphae unbranched
or sparingly branched, (0.5-)1-3(-4) um wide, septate, without
swellings and constrictions, subhyaline to pale olivaceous
or pale olivaceous-brown, smooth to minutely verruculose,
sometimes loosely verrucose. Conidiophores macronematous
and micronematous, solitary, arising terminally and laterally from
hyphae, erect, straight to somewhat flexuous, cylindrical-oblong,
non-nodulose, sometimes slightly geniculate towards the apex,
unbranched, occasionally branched, once or several times, often
as short peg-like prolongations, 50-165(-200) x 3-4.5(-5) pm,
2-4(-T7)-septate, sometimes attenuated at septa, pale olivaceous
to pale medium olivaceous-brown, smooth, sometimes loosely
minutely verruculose at the base, walls unthickened or almost so,
about 0.5 pm wide, sometimes slightly attenuated towards the
apex, up to 5.5 ym wide at the base; micronematous conidiophores
narrower and pale olivaceous, 19-75(-100) x (1.5-)2-2.5 um.
Conidiogenous cells integrated, terminal, sometimes intercalary,
situated on small peg-like prolongations, cylindrical-oblong,
sometimes geniculate at or towards the apex, non-nodulose,
occasionally the whole cell inflated in shape like a secondary
ramoconidium, 11-37 umlong, with (1-)2-3(-4) apical loci, crowded
at the apex, conspicuous, subdenticulate to denticulate, sometimes
situated on small lateral outgrowths, quite broad, truncate, rim
and dome not distinctly visible, 1.5-2.2 ym diam, thickened and
darkenedrefractive. Ramoconidia cylindrical-oblong, 13-46 x

3% www.studiesinmycology.org

2.5-4(-5) ym, 0-1(-2)-septate, sometimes distinctly constricted at
the median septum, base broadly truncate, 2-3 ym wide, neither
thickened nor darkened-refractive. Conidia numerous, in densely
branched chains, branching in all directions, up to four conidia in
the terminal unbranched part of the chain, small terminal conidia
obovoid, subglobose or globose, 2.5-4.5(-6) x (1.5-)2-2.5(-3.5)
um (av. £ SD: 3.7 £ 0.8 x 2.4 + 0.4), aseptate, apex rounded,
sometimes irregular due to additional lateral hila, intercalary conidia
limoniform to ellipsoid-ovoid or sometimes irregular in outline due
to lateral hila, 4-13(-17.5) x 2.5-3.5(-4) ym (av. + SD: 7.8 £ 3.0
x 3.0 £ 0.4), 0-1-septate, attenuated towards apex and base,
with 1-4(-6) distal hila, secondary ramoconidia ellipsoid-ovoid to
subcylindrical or cylindrical, (6-)8-23.5(-31) x (2.5-)3-4.5(-5)
pm (av. = SD: 156 £ 54 x 3.6 £ 0.5), 0-1(-2)-septate, very
rarely 3-septate, not constricted at septa, pale olivaceous to pale
olivaceous-brown, smooth or almost so, walls unthickened, often
only slightly attenuated towards apex and base, with (1-)2-4(-5)
distal hila, hila conspicuous, subdenticulate or denticulate,
0.5-2.2 pym diam, thickened and darkened-refractive; microcyclic
conidiogenesis not observed.

Culture characteristics: Colonies on PDA attaining 60-78 mm
diam after 14 d, olivaceous-grey, grey-olivaceous to olivaceous
and olivaceous-black, reverse olivaceous-black, floccose to
villose, margins grey-olivaceous, feathery, regular, aerial mycelium
scattered to abundant, covering almost the whole colony surface,
floccose to villose, low to rarely high, growth flat, without prominent
exudates, sporulation sparse. Colonies on MEAreaching 67-76 mm
diam after 14 d, smoke-grey to pale olivaceous-grey, olivaceous-
grey or glaucous-grey at margins, reverse olivaceousgrey, floccose,
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fluffy, margins white, glabrous to feathery, regular, aerial mycelium
abundant, covering the whole colony surface, floccose to fluffy,
growth flat, radially furrowed and wrinkled in colony centre, without
prominent exudates, sporulation sparse or absent. Colonies on OA
reaching 55-74 mm diam after 14 d, smoke-grey to pale olivaceous-
grey, grey-olivaceous or olivaceous due to abundant sporulation,
reverse pale greenish grey to olivaceous-grey, velvety to floccose,
margins regular, glabrous, narrow, colourless, aerial mycelium
sparse to abundant, covering the whole surface, floccose, loose
to dense, low, growth flat, without prominent exudates, sporulation
sparse to profuse.

Substrates and distribution: Isolated from air, building material, dust,
plant material; Europe (Denmark, Germany). Saprobic on dead
leaves, fruits, stems, tubers, or occurring as secondary invader on
necrotic lesions caused by other fungi in vivo, widely distributed,
Asia (China, incl. Taiwan, India), Europe (France, Germany), North
America (USA), South America (Uruguay).

Additional specimens examined: Denmark, isol. from indoor air, 2007, B. Andersen
(BA1679 = CPC 14285, BA 1680 = CPC 14286, BA 1681 = CBS 126342 = CPC
14287); isol. from building material, school, 2007, B. Andersen (BA 1698 = CBS
126343 = CPC 14299); isol. from building material, 2007, B. Andersen (BA 1683
= CPC 14289); Broenshoej, isol. from indoor air, control room, 2000, B. Andersen
(BA 1724 = CPC 14363); indoor air sample, in cup board, water damaged room,
2000, B. Andersen (BA 1718 = CPC 14360); beach near Copenhagen, isol. from
seaweed, 2007, B. Andersen (BA 1706 = CPC 14307); Valleroed, isol. from dust,
school, 2000, B. Andersen (BA 1740 = CPC 14372). France, Lyon, on dead
stems of Schoenoplectus lacustris (= Scirpus lacustris) (Cyperaceae), 1880, J.
Therry, Roumeguére, Fungi Sel. Gall. Exs. 1688 (HBG), and Thimen, Mycoth.
Univ. 1767 (HAL, HBG, syntypes of C. fasciculatum f. scirpi-lacustris). Germany,
Bayern, Hitzing, on dead leaves of Hedera helix (Araliaceae), 15 Oct. 1915, Niess|
(M-0057550); Miinchen, park of castle Nymphenburg, isol. from Puccinia bromina
ssp. symphyti-bromarum var. paucispora, Jul. 2006, K. Schubert (CPC 13148);
Sachsen-Anhalt, Halle (Saale), Robert-Franz-Ring, isol. from leaves of Tilia cordata
(Tiliaceae), 2 Aug. 2004, K. Schubert (CBS H-20430, CBS 126344 = CPC 11389,
reference strain of C. delicatulum). India, Gorakhpur, on necrotic patches on faded
leaves of Dianthus barbatus (Caryophyllaceae), 23 Mar. 1972, Y.N. Srivastava, No.
2 (IMI 212469) (originally deposited as C. cladosporioides). USA, California, Marin
County, San Rafael, on leaves of Hedera helix, as secondary invader, 11 Nov. 1935,
L. Bonar, Anonymous, Calif. Fungi 427 (NY); South Carolina, Aiken, on faded and
necrotic leaves of Euonymus japonicus (Celastraceae), Ravenel, Ravenel & Cooke,
Fungi Amer. Exs. 602 (BPI 426554, syntype of C. fasciculatum var. densum); on
tubers of Jpomoea batatas (Convolvulaceae), Ravenel, Ravenel & Cooke, Fungi
Amer. Exs. 600 (K, lectotype of C. tuberum designated here). Uruguay, on dead
pods of Sesbania virgata (= S. marginata) (Fabaceae), June 1932, S. José, Herter,
Plantae Urug. Exs. 1496 (HBG).

Notes; In phylogenetic analyses, Cladosporium delicatulum
clustered as a sister to C. cladosporioides s. lat. (Bensch et al.
2010, fig. 1, part a) and formed a distinct lineage. This species
is undoubtedly a common and widespread saprobic hyphomycete.
Cladosporium inversicolor and C. cladosporioides are two
comparable taxa, but C. delicatulum differs from the latter species in
having 0-1-septate intercalary conidia and secondary ramoconidia,
only a few conidia in the terminal unbranched part of conidial
chains, shorter often slightly geniculate conidiophores and shorter
secondary ramoconidia. Cladosporium inversicolor is distinct by
its longer conidial chains, longer small terminal and intercalary
conidia, wider intercalary conidia and secondary ramoconidia,
longer ramoconidia with a broader base, with conidia being smooth
to loosely verruculose or irregularly rugose. The old, sparse type
material of C. delicatulum is from India. New Indian collections
and cultures are not available. Therefore, a formal epitypification of
this species is not yet proposed, but the German strain from Tilia
cordata can serve as reference strain to fix the application of C.
delicatulum and agrees well with the Indian type material.
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43. Cladosporium diaphanum Thim., Mycoth. Univ., Cent.
XIX, No. 1868. 1881. Figs 93-95.

Lectotype (selected by Braun 2001): France, Lyon, on dead leaves
of Photinia glabra (Rosaceae), Jun. 1880, J. Therry, Thimen,
Mycoth. Univ. 1868 (HAL). Isolectotypes: M-0057506 and Thiimen,
Mycoth. Univ. 1868 (e.g., B 700006244, BPI 426451, BPI 426452,
HBG, M-0057507). Topotypes: France, Rhone-Alpes, Rhone, Lyon,
Parc de la Tete-d'Or, on Photinia glabra, J. Therry, Roumeguére,
Fungi Sel. Gall. Exs. 5591 (e.g., B 700006247).

Lit:: Saccardo (1892: 603), Ellis (1976: 342), Braun (2001: 56),
Schubert (2005b: 64-67).

lll.: Ellis (1976: 341, fig. 259 B), Braun (2001: 55, fig. 2), Schubert
(2005b: 66, fig. 21, pl. 10, figs A-G).

Exs.: Roumeguére, Fungi Sel. Gall. Exs. 5591; Thimen, Mycoth.
Univ. 1868.

In vivo: On faded or dead leaves and petioles, without distinct leaf
spots, causing whitish to pale greyish discolorations, membranous.
Colonies usually hypophyllous, sparsely developed on the upper leaf
surface, caespitose, punctiform to effuse, loose to dense, olivaceous-
brown to brown or even blackish brown, velvety, often covering large
areas or almost the entire leaf surface. Mycelium internal, mostly
substomatal, subcuticular to intraepidermal; hyphae sparingly
branched, 3-6 pm wide, septate, sometimes slightly constricted at
the septa, subhyaline to pale brown, smooth, walls slightly thickened.
Stromata or stromatic hyphal aggregations small to extended, mostly
several layers deep, composed of subglobose to somewhat angular-

Fig. 93. Cladosporium diaphanum (M-0057507). Fascicle of conidiophores
emerging through stomata and conidia in vivo. Scale bar = 10 um. K. Bensch del.
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Fig. 94. Cladosporium diaphanum (B 700006247). Conidiophores and conidia in
vivo. Scale bar = 10 um. K. Bensch del.

oblong, polygonal cells, 5-9 um wide, pale to medium or even dark
brown, smooth, slightly thick-walled. Conidiophores solitary or often
fasciculate, in loose to dense fascicles, arising from stromata or
swollen hyphal cells, usually emerging through stomata, but also
erumpent through the cuticle, erect to decumbent, straight to flexuous,
filiform-setiform, not or somewhat geniculate-sinuous towards the
apex, not or hardly nodulose, unbranched or often basely or apically
branched, once to several times (mostly unilateral), 40-250(-300) x
(3-)4-7(-8) pm, pluriseptate, sometimes slightly constricted at the
septa, medium brown to medium dark golden brown, base often
somewhat darker, paler towards the apex, smooth, occasionally
faintly rough-walled, thick-walled, sometimes distinctly two-layered,
often somewhat wider or swollen at the base, up to 11(-13) ym wide,
attenuated towards the apex, protoplasm of the cells somewhat
aggregated at the septa, which appear to be thickened, similar to
distoseptation, pale and not very conspicuous. Conidiogenous cells
integrated, terminal and intercalary, 7-40 pm long, proliferation
sympodial, with one to several conidiogenous loci, more or less
protuberant, 1-2.5(-3) uym diam, dome only somewhat higher than
the surrounding rim, thickened, darkened-refractive. Ramoconidia
occasionally observed. Conidia catenate, in unbranched or branched
chains, mostly straight, dimorphic, small aseptate conidia subglobose,
ovoid, limoniform, ellipsoid, fusiform, (2-)3-14 x 2—6 um, pale, walls
thin to only slightly thickened, smooth to faintly rough-walled, larger
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Fig. 95. Cladosporium diaphanum (M-0057507). A. Overview. B. Branched
conidiophore and conidia. C. Conidium showing coronate scar structure. D.
Branched conidiophores. E. Tips of conidiophores and conidia. F. Base of a fascicle
emerging through stomata. G. Conidiophore showing cell structure, with thickened,
two-layered walls and protoplasm aggregated at the septa. Scale bars = 5 (C), 10
(E, G), 20 (B, D, F), 50 (A) pm.

conidia obovoid, ellipsoid, fusiform to cylindrical, 945 x 4-8 um,
(0-)1-6-septate, sometimes slightly constricted at the septa, pale
olivaceous to medium brown, smooth to minutely verruculose, walls
slightly thickened, apex rounded or slightly attenuated towards the
apex and base, hila protuberant, 1-2.5(-3) ym diam, thickened,
darkened-refractive; microcyclic conidiogenesis occurring.

Substrates and distribution: On Photinia glabra; France.

Notes: Conidiophores in lectotype and isolectotype material
are often once or several times branched, whereas those in the
authentic material distributed as “Roumeguére, Fungi Sel. Gall.
Exs. 5591” are usually unbranched. Cladosporium diaphanum
was collected in June on faded or dead leaves of Photinia glabra,
but it remains unclear, whether this species caused the premature
dying and leaf fall or whether it is a saprobic species. Additional
collections are necessary to clarify the biology of this taxon.
Among the Cladosporium species occurring on leaves of various
host genera and families some morphologically similar species with
pluriseptate (more than three septa) conidia and non-nodulose
conidiophores are easily distinguishable from C. diaphanum in
having wider conidia [5-14(-17) ym wide in C. coryphae], shorter
and partly narrower, usually unbranched conidiophores (35-130
pm long in C. bosciae; 5-90 x 3-5 ym in C. spongiosum), narrower
conidiogenous loci (usually 0.5-1.5 pym diam in C. spongiosum)
and differ in the formation and arrangement of conidiophores
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(conidiophores solitary, arising as terminal or lateral branches of
creeping hyphae in C. spongiosum; conidiophores arising from
external mycelium in C. coryphae; conidiophores solitary or in
loose groups arising from intraepidermal stromata or from swollen
hyphal ropes in C. bosciae). The widespread saprobic C. herbarum
is quite distinct in having verruculose to verrucose, 0-3-septate,
shorter conidia and nodulose conidiophores with conidiogenous
loci restricted to swellings.

In absence of a monograph of the genus Cladosporium, Braun
(2001) assigned some collections on several basidiomycetes to
C. diaphanum. During the course of a morphotaxonomic revision
of fungicolous Cladosporium species these collections were
re-examined and proved to be identical with C. lycoperdinum
(Heuchert et al. 2005). The conidia of the latter species are shorter,
(2-)6-28 pm long, 0-3-septate, narrow ramoconidia with up to 5
septa (21-32 x 4.5-5.5 ym) are occasionally formed and the walls
of the conidiophores are only slightly thickened and not distinctly
two-layered.

Cladosporium diaphanum has been recorded in literature from
Georgia to occur on Laurocerasus officinalis, which could not be
confirmed.

44. Cladosporium dieffenbachiae Verpl. & Van den
Broecke, Ann. Soc. Sci. Bruxelles, Sér. B, 56: 105. 1936. Fig.
96.

Holotype: Belgium, Gent, botanical garden, on dead leaves of
Dieffenbachia seguine (= D. magnifica) (Araceae), Sep. 1935,
associated with Septoria dieffenbachiae (GENT).

In vivo: Colonies hypophyllous, effuse, dense, dark olivaceous-
brown or brown, often along leaf veins. Mycelium internal and
external; hyphae branched, 2-7 ym wide, septate, with swellings
and constrictions, pale olivaceous-brown to medium brown,
smooth, rarely minutely verruculose, forming loose to somewhat
dense hyphal aggregations. Stromata lacking. Conidiophores
solitary, arising from creeping hyphae or swollen hyphal cells,
terminal and lateral, more or less erect, straight to slightly flexuous,
dimorphic, small conidiophores unbranched, sometimes with
small swellings, 8-30 x 3-5 ym, pale brown, large conidiophores
distinctly nodulose, unbranched or branched, once or several
times, 35-170 x 3-6 um, swellings up to 10 ym wide, septate,
pale brown to pale medium brown, somewhat paler towards the
apex, smooth, walls thickened. Conidiogenous cells integrated,
terminal and intercalary, nodulose, conidiogenous loci situated
on multilateral swellings, with a single or few loci, somewhat
protuberant, (0.5-)1-2 pm diam, thickened, slightly darkened-
refractive. Conidia in branched chains, straight to slightly curved,
small terminal conidia subglobose, ovoid, obovoid or limoniform,
3—7 x 2-4.5 um, aseptate, smooth to verruculose, sometimes even
verrucose, large conidia (secondary ramoconidia) subglobose,
ellipsoid, subcylindrical to cylindrical, 4-27 x 3-6.5 pm,
0-6-septate, not constricted, olivaceous to medium pale brown,
smooth to verruculose, walls slightly thickened, apex rounded or
somewhat attenuated, often with few apical conidiogenous hila,
subdenticulate, truncate to slightly convex, 0.5-1.5(-2) ym diam,
thickened, somewhat darkened-refractive.

Substrates and distribution: On Dieffenbachia seguine; Belgium.
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Fig. 96. Cladosporium dieffenbachiae (GENT). Conidiophores and conidia in vivo.
Scale bar =10 um. K. Bensch del.

Notes: The biology of C. dieffenbachiae is unclear, but it is very
probably a saprobic species. Due to nodulose conidiophores, it
is comparable with C. oxysporum and the C. herbarum complex.
Cladosporium oxysporum differs from this species in having much
longer, setiform, non-dimorphic conidiophores and consistently
smooth-walled, usually 0-1-septate conidia. Within the C.
herbarum complex C. dieffenbachiae agrees well with C. allicinum,
but the conidia are up to 6-septate. Furthermore, the conidiophores
of the latter species are not dimorphic in vivo. Therefore, C.
dieffenbachiae is tentatively maintained as a separate species.
Cultures and molecular sequence analyses are urgently necessary.
A single collection under the name C. dieffenbachiae from Mexico
on leaves of Dieffenbachia sequine (as D. picta) is deposited at
BPI.

45, Cladosporium dominicanum Zalar, de Hoog & Gunde-
Cimerman, Stud. Mycol. 58: 169. 2007. Fig. 97.

Holotype: Dominican Republic, salt lake Enriquillo, isol. from
hypersaline water, Jan. 2001, N. Gunde-Cimerman, isol. P. Zalar
(CBS H-19733). Ex-type culture: EXF-732 = CBS 119415.

lll.: Zalar et al. (2007: 170, fig. 6).

In vitro: Mycelium unbranched to sparingly branched, septate, not
constricted at septa, pale olivaceous-brown, minutely verruculose
to irregularly rough-walled, walls unthickened or almost so,
protoplasm somewhat aggregated in the centre of the cells, granular,
without extracellular polysaccharide-like material. Conidiophores
micronematous and semimacronematous, hardly distinguishable
from hyphae, arising laterally and terminally on erect or ascending
hyphae, erect, somewhat flexuous, filiform to cylindrical-oblong,
usually neither geniculate nor nodulose, unbranched or branched,
once or several times, branches as short lateral prolongations
below a septum, (5-)10-100(-200) x (1-)2-2.5(-3.5) ym, aseptate
or with few septa, pale olivaceous-brown, smooth to minutely



THE GENUS CLADOSPORIUM

Fig. 97. Cladosporium dominicanum (CBS 119415) (from Zalar et al. 2007). A-D. Colony surface grown on PDA (A), OA (B), MEA (C) and MEA plus 5 % NaCl (D) of strains
incubated for 14 d at 25 °C in darkness. E-F. Habit of conidiophores. G. Conidiophore. H-I. Secondary ramoconidia and conidia. E-I. All from 7-d-old SNA slide cultures. A, D,
F-H, from EXF-2519; B, C, E from EXF-727; |, EXF-732 (ex-type strain). Scale bars = 10 (G-I), 30 (F), 100 (E) pm.

verruculose, walls thin-walled to slightly thickened; micronematous
conidiophores often only as short denticle- or peg-like lateral
outgrowth of hyphae. Conidiogenous cells integrated, teminal,
sometimes intercalary or conidiophores reduced to conidiogenous
cell, cylindrical, with a single or few apical loci, protuberant,
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denticulate, 0.8-1.5 ym diam, thickened and darkened-refractive.
Ramoconidia rarely formed. Conidia catenate, in branched chains,
branching in all directions, up to eight conidia in the unbranched
parts, small terminal conidia globose or subglobose to usually
short-ovoid, narrower at both ends, (2-)3-3.5(-5.5) x 2-2.5 ym
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[av. (x SD) 3.4 (£ 0.6) x 2.2 (+ 0.2)], aseptate, smooth to minutely
verruculose, intercalary conidia ovoid, limoniform to ellipsoid, 3-8.5
x 2-3 um, aseptate, smooth to minutely verruculose, with up to three
distal hila, secondary ramoconidia cylindrical to almost spherical,
attenuated towards apex and base, 6.5-24.5 x (2-)2.5-3(—4.5) um,
[av. (£ SD) 10.3 (£ 5.2) x 2.7 (+ 0.6)], 0-1-septate, not constricted at
the median septum, with up to four distal scars, subhyaline to pale
olivaceous or light brown, smooth or almost so, walls unthickened
to slightly thickened, hila protuberant, conspicuous, denticulate,
0.5-1.5 um diam, thickened and darkenend-refractive; microcyclic
conidiogenesis not occurring.

Culture characteristics: Colonies on PDA reaching 18-36 mm
diam after 14 d, grey-olivaceous in colony centre due to abundant
sporulation, glaucous-grey to greenish-grey, reverse greenish-grey,
velvety to hairy or felty, margin regular, white, somewhat feathery,
aerial mycelium aundant, high, fluffy to felty, covering most of the
surface, flat or slightly furrowed, with flat margin, numerous small
droplets of light reseda-green (2E6) exudates sometimes present.
Colonies on OA reaching 19-34 mm diam after 14 d, dark mouse-
grey, reverse black, velvety to loosely powdery with raised central
part due to fasciculate bundles of conidiophores, aerial mycelium
sparse, whitish to smoke-grey, without exudates, sporulating.
Colonies on MEAreaching 30-32 mm diam after 14 d, reseda green
(2ES6), reverse dark green-brown, velvety, furrowed, with undulate
margin. Colonies on MEA + 5 % NaCl reaching 37-41 mm diam,
reseda-green (2E6), reverse brownish green, radially furrowed,
velvety, sporulating in the central part or all over the colony, margin
white and regular. Maximum tolerated salt concentration: 75 % of
tested strains develop colonies at 20 % NaCl after 7 d, while after 14
d all strains grow and sporulate. Cardinal temperatures: No growth
at4 and 10 °C, optimum 25 °C (30-32 mm diam), maximum 30 °C
(2-15 mm diam), no growth at 37 °C. Differential parameters: No
growth at 10 °C, oval conidia, large amounts of sterile mycelium
(from Zalar et al. 2007).

Substrates and distribution: Saprobic on fruit surfaces, hypersaline
waters in (sub)tropical climates; Asia (Iran), Central America
(Dominican Republic).

Additional specimens examined: Dominican Republic, isol. from hypersaline water,
salterns (EXF-696, EXF-720, EXF-727); salt lake Enriquillo, isol. from hypersaline
water (EXF-718). Iran, isol. from Citrus fruit (orange) (CPC 11683).

Notes: Cultures of C. dominicanum sporulate less abundantly than
C. sphaerospermum and C. halotolerans and tend to loose their
ability to sporulate with subculturing (Zalar et al. 2007).

46. Cladosporium dracaenatum Thim., Mycoth. Univ.,
Cent. XIX, No. 1869. 1881. Figs 98—100.

Lectotype (designated here): USA, South Carolina, Aiken, on
living leaves of Cordyline fruticosa (= C. terminalis, Dracaena
cooperi) (Asparagaceae), 1876, H.W. Ravenel, Thimen, Mycoth.
Univ. 1869 (B 700006248). Isolectotypes: e.g., BPI 426454, BPI
426455, BR-MYC 8172,86, HAL, HBG, M-0057504.

Lit.: Saccardo (1892: 605), Schubert (2005b: 67-70).

Ill.: Schubert (2005b: 68-69, figs 22-23, pl. 11, figs A-G).
Exs.: Thimen, Mycoth. Univ. 1869.
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Fig. 98. Cladosporium dracaenatum (B 700006248). Fascicle of conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

In vivo: Lesions amphigenous, forming distinct patches, irregular in
shape and size, pale to dark grey-brown or dark olivaceous-brown,
without margin, sometimes confluent. Colonies amphigenous,
scattered, in small tufts, caespitose, loose to dense, sometimes
floccose, brown. Mycelium internal, intraepidermal, later also
external, growing superficially; hyphae creeping, branched, 3-9
um wide, septate, often constricted at the septa and then cells
more or less irregularly swollen, subhyaline, pale olivaceous-
green to pale brown, smooth, walls only slightly thickened, forming
stromata and loose to dense hyphal aggregations. Stromata
small to moderately large, usually well-developed, substomatal to
intraepidermal, subglobose, 15-70 um wide, few to several layers
deep, composed of swollen hyphal cells, subglobose to somewhat
angular or irregular, pale to medium brown, smooth, walls
thickened. Conidiophores in small to moderately large fascicles,
few to numerous, loosely arranged, arising from stromata, emerging
through stomata or erumpent through the cuticle, or solitary arising
from external hyphae or secondary conidia, erect, straight to more
or less flexuous, often once to several times mildly to distinctly
geniculate-sinuous, sometimes very slightly nodulose, unbranched
or branched, once or twice, 20-240 x 3-5(-5.5) um, pluriseptate,
septa often not very conspicuous, pale brown, somewhat darker
near the base, pale medium brown, smooth or minutely asperulate
or somewhat irregularly rough-walled with age, sometimes minutely
verruculose near the apex, walls slightly thickened, one-layered,
often slightly swollen at the base. Conidiogenous cells integrated,
terminal and intercalary, cylindrical to often geniculate, 8-40 pm
long, proliferation sympodial, with a single or few conidiogenous
loci, often situated on smalll lateral shoulders or unilateral swellings,
protuberant, often subdenticulate, short cylindrical, 1-2(-2.5) ym
diam, dome often somewhat higher than the surrounding rim,
thickened and somewhat darkened-refractive. Conidia catenate,



THE GENUS CLADOSPORIUM

Fig. 99. Cladosporium dracaenatum (M-0057504). Conidiophores, old, swollen
conidia and microcyclic conidiogenesis in vivo. Scale bar = 10 um. K. Bensch del.

Fig. 100. Cladosporium dracaenatum (B 700006248 and M-0057504). A.
Symptoms. B. Fascicle of conidiophores. C. Conidiophore and conidia. D. Small
catenate conidia showing surface ornamentation. E. Old swollen conidia forming
secondary conidiophores (microcyclic conidiogenesis). F, G. Conidiophores and old
swollen conidia. Scale bars =5 (D), 10 (C, E-G), 20 (B) um.

in branched chains, straight, obovoid, ellipsoid to subcylindrical
or cylindrical, 3.5-26 x 3-7(-8) pm, 0-3-septate, sometimes
slightly constricted at the septa, pale brown, smooth or almost so
to minutely or distinctly verruculose, walls only slightly thickened,
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apex and base rounded, sometimes slightly attenuated, with age
conidia becoming longer and wider, distinctly swollen, up to 36
um long or even longer and up to 11 pm wide, with up to seven
septa, septa occasionally somewhat sinuous, darker, pale medium
to medium brown or medium olivaceous-brown, thick-walled with a
somewhat irregular surface ornamentation, sometimes with a single
longitudinal septum, confusable with superficially growing swollen
hyphae, hila protuberant, short cylindrical, truncate, 1-2(-2.5) um
diam, thickened and somewhat darkened-refractive; microcyclic
conidiogenesis often occurring.

Substrates and distribution: On Cordyline and Dracaena spp.
(Asparagaceae), Ruscus (Asparagaceae); North America —
Cordyline fruticosa (USA), C. indivisa (USA), Cordyline sp. (USA),
Dracaena sp. (USA), Ruscus aculeatus (USA).

Additional specimen examined: USA, California, Berkeley, Euclide Ave. & Regal
Bldg., on Ruscus aculeatus, 17 Oct. 1942, L. Bonar (F 1167647).

Notes: Vanev & Taseva(1990) reported C. dracaenatumon Dracaena
draco from Bulgaria. Baka & Krzywinski (1996) examined fungi
associated with leaf spots of the endemic and now nearly extinct
Dracaena ombet in Sudan and reported C. dracaenatum as one of
the most common isolates and an important reason for the decline
of this tree. They discussed the explosive spread of the disease
either as pointing to an epidemic outbreak of a lethal pathogen
influenced by external factors, or as a result of long-distance mass
transport. Besides pathogenicity tests, SEM and TEM examination
were carried out to detect and confirm the compatibility between
Dracaena leaves and the pathogen. Remarkable ultrastructural
changes of cell organelles after infection were noticed indicating
that the fungus examined was a true pathogen. Baka & Krzywinski
(1996) did not provide a detailed description of its morphology, but
described branched conidiophores emerging through stomata and
producing new conidia, so it is possible that they actually dealt with
C. dracaenatum. Probably, C. dracaenatum is not confined to North
America and more common than indicated under substrates and
distribution.

The leaf-spotting fungus on Ruscus aculeatus from California is
morphologically indistinguishable from C. dracaenatum.

47. Cladosporium echinulatum (Berk.) G.A. de Vries,
Contr. Knowl. Genus Cladosporium: 49. 1952. Figs 101, 102.
Basionym: Helminthosporium echinulatum Berk., Gard. Chron.
1870: 382. 1870.

= Heterosporium echinulatum (Berk.) Berk. & Broome, in Cooke,
Grevillea 5(35): 123. 1877.

Lectotype (selected by David 1997): Great Britain, on Dianthus
caryophyillus (Caryophyllaceae), Feb. 1870, ex herb. M.J. Berkeley

)

= Heterosporium circinale Klotzsch, Herb. Viv. Mycol., No. 188. 1832, nom.
inval. [syntypes: e.g. B, HAL, M].
= Helminthosporium exasperatum Berk. & Broome, Ann. Mag. Nat. Hist., Ser.
4,11: 345. 1873 [lectotype: K].
= Heterosporium exasperatum (Berk. & Broome) Cooke, Grevillea
16(80): 109. 1888.
= Heterosporium dianthi Sacc. & Roum., Rev. Mycol. (Toulouse) 3(11): 57.
1881 [lectotype: PAD].
= Mycosphaerella dianthi C.C. Burt, Trans. Brit. Mycol. Soc. 20: 214. 1936.
= Davidiella dianthi (C.C. Burt) Crous & U. Braun, Mycol. Progr. 2(1): 10.
2003.
= Heterosporium echinulatum var. dianthi Losa, Collect. Bot. (Barcelona) 3:

M
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Fig. 101. Cladosporium echinulatum (M-0057503, isotype of Heterosporium
circinale). Fascicle of conidiophores and conidia in vivo. Scale bar = 10 um. K.
Bensch del.

149. 1952 [holotype: BCF].
= ? Heterosporium dianthi Sawada, Bull. Gov. Forest Exp. Sta. 105: 98. 1958,
nom. illeg., non H. dianthi Sacc. & Roum., 1881.

Lit.: Saccardo (1886: 481), Lindau (1910: 81-82), Ellis (1971: 311),
Subramanian (1971: 291-293), Sivanesan (1984: 222), David
(1988b, 1997: 34-40), Ho et al. (1999: 127), Zhang et al. (2003:
90-92).

Ill.; Lindau (1910: 82, fig.), Ellis (1971: 311, fig. 215A), Subramanian
(1971: 292, fig. 226), Sivanesan (1984: 223, fig. 119), David (1988b:
fig.; 1997: 37-38, figs 7, 8 A-C), IMI Distribution Maps of Plant
Diseases 593 (1988), Ho et al. (1999: 126, figs 15-16), Zhang et
al. (2003: 91, fig. 54).

Exs.: Baenitz, Herb. Eur. 6728; Briosi & Cavara, Fung. Paras.
Piante Colt. Utili Exs. 440; Kabat & Bubak, Fungi Imperf. Exs.
49; Klotzsch, Herb. Viv. Mycol. 188; Migula, Krypt. Germ., Austr.
Helv. Exs. [Pilze] 69; Rabenhorst, Fungi Eur. Exs. 2884; Saccardo,
Mycoth. Ven. 1043; Savulescu, Herb. Mycol. Roman. 444; Sydow,
Mycoth. March. 2565; Vestergren, Micromyc. Rar. Sel. Praec.
Scand. 998; Vill, Fungi Bav. 995.

In vivo: On living leaves, stems and inflorescences especially
the calyx, leaf spots amphigenous, at first more or less circular
to ellipsoid, 10-20 mm diam, later becoming confluent, grey to
olivaceous-green, surrounded by a somewhat darker greyish
brown, purple or reddish margin, margin occasionally raised.

12

Colonies amphigenous, scattered to subeffuse, caespitose,
brown, velvety, often formed in the centre of the spots. Mycelium
internal, subcuticular to sometimes intraepidermal; hyphae
sparingly branched, 3-12 um wide, septate, not constricted or
only slightly so, subhyaline to olivaceous-brown, smooth, walls
only slightly thickened; aerial hyphae only present in culture
(according to David 1997). Stromata usually well-developed,
compact, pseudoparenchymatous, mostly substomatal, sometimes
intraepidermal, small, consisting of only a few swollen hyphal cells,
sometimes larger, a few layers deep, swollen hyphal cells 8-17
um diam, olivaceous-brown, smooth, thick-walled. Conidiophores
in small loose fascicles, arising from stromata or swollen hyphal
cells, usually emerging through stomata or sometimes erumpent
through the cuticle, erect, substraight to more or less flexuous,
several times distinctly geniculate-sinuous, torulose, subnodulose
to nodulose, unbranched to occasionally branched, formed as short
lateral branches, 40-200(-250) x 7-10(=12) um, swellings up to
12-15 um wide, septate, not or only slightly constricted at septa,
pale brown, mostly medium brown, somewhat paler towards the
apex, smooth to distinctly verruculose, walls thickened, sometimes
appearing two-layered, about 1 um thick, often swollen at the
base, occasionally enteroblastically proliferating. Conidiogenous
cells integrated, terminal and intercalary, several times geniculate-
sinuous, nodulose, proliferation sympodial with conidiogenous
loci confined to swellings, usually with 1-2 conidiogenous loci
per cell, protuberant, coronate, about 3 pm wide, thickened,
somewhat darkened-refractive. Conidia solitary or in short,
unbranched chains, straight to slightly curved, broadly ellipsoid
to cylindrical, sometimes soleiform with a swollen bulbous basal
cell, (15-)25-55(-65) x (10-)12-15(-17) pym, (0-)1-4(-6)-septate,
sometimes constricted at septa, septa becoming sinuous with age,
pale to medium brown, coarsely verrucose to usually echinulate,
projections up to 1 um long, walls thickened, up to 1.5(-2) um thick
(including ornamentation), both ends obtuse, conidial hila raised
in young conidia, in older conidia becoming incorporated in the
conidial wall, 2.5-3.5(-4) um wide, thickened, darkened-refractive;
microcyclic conidiogenesis occurring.

In vitro (description based on MEA, sparingly fruiting on
SNA): Mycelium branched, 3-8 ym wide, with swellings and
constrictions, therefore sometimes irregular in outline, swellings
up to 16 um, single hyphal cells sometimes distinctly swollen,
up to 21 uym wide, subhyaline to pale olivaceous, at the base
of conidiophores somewhat darker, smooth, walls unthickened
or slightly thickened. Conidiophores macronematous, arising
mainly terminally from ascending hyphae, sometimes also
laterally from plagiotropous hyphae, erect, straight to usually
flexuous, cylindrical-oblong, once or several times slightly to
distinctly geniculate due to sympodial proliferation, subnodulose
with unilateral shoulders or nodulose with multilateral swellings,
swellings up to 10 ym diam, unbranched, occasionally branched
towards the apex, sometimes proliferating at the apex without
forming additional loci appearing as hyphal apices, up to 730 ym
long or even longer, 5-6 uym wide, pluriseptate, not constricted at
septa, pale to medium olivaceous-brown, sometimes even dark
olivaceous-brown, smooth, walls only slightly thickened (about
0.5 ym wide). Conidiogenous cells integrated, terminal and
intercalary, cylindrical-oblong, once or twice slightly to distinctly
geniculate, subnodulose with loci being situated on unilaterally
swollen shoulders, length variable, with 1-5 loci per cell,
sometimes verruculose, conidiogenous loci conspicuous, usually
protuberant, 2-3 pm wide, about 1 pm high, thickened and
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Fig. 102. Cladosporium echinulatum (CBS 123191). A-G. Conidiophores and conidial chains in vitro. Scale bars = 10 um.

darkened-refractive. Ramoconidia occasionally formed. Conidia
solitary or in short unbranched, rarely branched chains, straight,
smaller conidia broadly ovoid, ellipsoid, sometimes obclavate,
8-17 x 5-8(-9) ym [av. (x SD) 13.4 (£ 3.3) x 6.5 (x 1.1)],
0-1-septate, larger conidia broadly ellipsoid to subcylindrical,
with age becoming soleiform, lower cell somewhat bulbous,
18-42 x 7-9.5(-10.5) ym [av. (£ SD) 28.0 (£ 6.9) x 7.9 (% 1.0)],
0-3-septate, septa not very conspicuous, becoming sinuous with
age, pale to medium olivaceous-brown, verruculose to usually
densely echinulate, due to surface ornamentation walls appear to
be very thick-walled, up to 1.5 ym wide, attenuated towards apex
and base, hila conspicuous, (1.5-)2-3 pm diam, thickened and
darkened-refractive; conidia sometimes germinating; microcyclic
conidiogenesis occasionally occurring.

Culture characteristics: Colonies on PDA attaining 24-29 mm after
14 d, pale olivaceous-grey to olivaceous-grey, grey-olivaceous
towards margins, olivaceous-black reverse, floccose, margins
white, glabrous to feathery, narrow, crenate to rarely fimbricate,
aerial mycelium floccose, low, loose to dense, growth flat with
somewhat elevated colony centre, without prominent exudates,
sporulating. Colonies on MEA reaching 21-30 mm, olivaceous-grey
to grey-olivaceous, whitish due to aerial mycelium, olivaceous-grey
reverse, velvety to fluffy-floccose, margins narrow, white, glabrous
to feathery, somewhat crenate, aerial mycelium fluffy-floccose,
loose to dense, white or smoke-grey, growth flat with somewhat
elevated colony centre, radially furrowed and wrinkled, without
prominent exudates, sporulation profuse. Colonies on OA reaching
26-34 mm, grey-olivaceous, whitish due to fluffy-floccose aerial
mycelium, leaden-grey or pale greenish-grey reverse, margin
white, regular to somewhat crenate, aerial mycelium abundant,
loose to dense, growth flat, sporulating.
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Substrates and distribution: On Dianthus spp. (Caryophyllaceae);
Africa, Asia, Europe, Oceania, North, Central and South America,
widely distributed — Dianthus barbatus (Belgium, Czech Republic,
Denmark, Switzerland, UK), D. caryophyllus (Austria, Brazil,
Canada, China, Czech Republik, Denmark, Finland, France,
Germany, Italy, Kenya, New Zealand, Portugal, Romania, Turkey,
UK, USA), D. carthusianorum (Germany), D. chinensis (China), D.
deltoides (Estonia), D. plumarius (Germany), D. seguieri (Spain),
D. superbus (Taiwan), Dianthus spp. (Argentina, Austria, Belgium,
Brazil, Bulgaria, Canada, Chile, Columbia, Cyprus, Denmark, El
Salvador, Estonia, France, Germany, Hungary, Iceland, India, Iran,
Israel, Italy, Japan, Kazakhstan, Kyrgystan, Lithuania, Mexico,
Morocco, the Netherlands, Norway, Peru, Poland, Slovenia,
South Africa, Spain, Sweden, Switzerland, Uganda, UK, Ukraine,
Uzbekistan, former Yugoslavia).

Additional specimens examined: Czech Republic, Béhmen, near Turnau, on Dianthus
caryophyllus, 29 Sep. 1902, J.E. Kabat, Kabat & Bubak, Fungi Imperf. Exs. 49
(HBG). France, La Varenne near Paris, on Dianthus sp., 1903, P. Hariot, Vestergren,
Micromyc. Rar. Sel. Praec. Scand. 998 (M); Seine-et-Mame, Fontainebleau, on
D. caryophyllus, Mar. 1894, Feuilleaubois, Société du Sud-Est 1894 No. 445 (M).
Germany, Bavaria, Freising, on D. caryophyllus, Nov. 1877, Prof. J.E. Weiss, No.
69 (M); Neustift, in a garden, 3 Oct. 1897, Allescher (M); Schénow, 1897, Prof. J.E.
Weiss (M); Oberfranken, Bamberg, on D. carthusianorum, without date, A. Vill (HBG);
Unterfranken, Gerolzhofen, Riidenhausen, in the castle garden, on Dianthus sp., Aug.
1907, A. Vill, Vill, Fungi Bav. 995 (M); Berlin, on D. caryophyllus, 1899, Dr. O. Appel (M);
Berlin, garden, on Dianthus plumarius, 1992, P. Magnus (HBG); Brandenburg, Steglitz,
near Berlin, on D. caryophyllus, Mar. 1890, P. Magnus (M); Tamsel, 20 Oct. 1909, P.
Vogel, Flora marchica (M). Israel, Jerusalem, on Dianthus sp., 20 May 1936, Dr. T.
Rayss, Flora Cryptogamica Palaestinae (M). ltaly, Torino, on D. caryophyllus, Prof.
P. Voglino, Cavara & Pollacci, Fung. Paras. Piante Colt. Utili Exs. 440 (M). Romania,
Muntenia, distr. Iifov, Bucuresti, on D. caryophyllus, 15 Aug. 1932, T. Savulescu & C.
Sandu, Savulescu, Herb. Mycol. Roman. 444 (M); on Dianthus sp., 8 Oct. 1959 (M).
Slovenia, “Krain, near Zicklach”, on Silene dioica, 14 Mar. 1888, W. Vioss (HBG). South
Africa, Natal, on Dianthus sp., Nov. 1910, C. Fuller (HBG). New Zealand, Auckland,
Old Government House, Auckland University Campus, on Dianthus barbatus 20 Apr.
2008, C.F. Hill (CPC 15386 = CBS 123191, reference strain).
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Notes: This species has also been recorded from other members
of the Caryophyllaceae, including e.g., Cerastium, Lychnis,
Saponaria, Silene and Viscaria. Collections on these hosts have
not been seen and are not confirmed, except for a sample on
Silene dioica (Slovenia, “Krain, near Zicklach”, W. Voss, 14 Mar.
1888, HBG), which could be confirmed.

48. Cladosporium epichloés Lobik, Bolezni Rast. 17(3-4):
189. 1928. Fig. 103.

Holotype: Russia, “Bezirk Piatigorsk, im Walde am Abhange
des Berges Maschuk, bei der Lermontowschen Haltestelle”, on
stromata of Epichloé typhina (Clavicipitaceae) on Bromus inermis
(Poaceae), 26 Sep. 1923 (LE-40522).

Lit.: Heuchert et al. (2005: 18-19).
Ill.: Lobik (1928: pl. 8, fig. 86), Heuchert et al. (2005: 18, fig. 2).
Exs.: Keissler, Krypt. Exs. 3392.

In vivo: Colonies olivaceous to dark brown, effuse, diffuse to
dense, confluent, velvety. Mycelium immersed and external;
superficial hyphae creeping, branched, 2.5-6 ym wide, septate,
often constricted at the septa, cells irregularly swollen, up to 8 ym
wide, subhyaline to pale brown, smooth, walls slightly thickened.
Stromata lacking. Conidiophores solitary or in loose groups, arising
from hyphae or swollen hyphal cells, erect to decumbent, straight
or often curved, subcylindrical, geniculate-sinuous, unbranched or
branched, (9-)34-105 x 3-6 um, slightly swollen at the base, upto 7
um, 0-7-septate, not constricted at the septa, pale to medium brown,
paler towards the apex, smooth, walls slightly thickened, rarely
with subnodulose intercalary swellings, up to 7 ym wide, swellings
mostly with conidiogenous loci. Conidiogenous cells integrated,
terminal and intercalary, 10-44 um long, polyblastic, proliferation
sympodial, with (1-)2-9(-11) conspicuous conidiogenous loci
which are sometimes situated on small unilateral swellings
(“shoulders”) protuberant, thickened, darkened-refractive, 1.5-2 um
diam. Conidia mainly in branched chains, straight, polymorphous,

Fig. 103. Cladosporium epichloés (LE-40522 and HAL 1822). Conidiophores and
conidia in vivo. Scale bar = 10 um. B. Heuchert del.
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subglobose, ellipsoid, obovoid, fusiform, subcylindrical, 4-24(-26)
x 3-7(-8) um, 0-3(-5)-septate, usually not constricted at the septa,
subhyaline to pale brown, almost smooth to faintly rough-walled,
walls slightly to conspicuously thickened, apex rounded, with up to
4 hila, base truncate to convex, occasionally somewhat attenuated,
hila protuberant, thickened, darkened, 1-2 ym diam; microcyclic
conidiogenesis occurring.

Substrates and distribution: On Epichloé typhina (Clavitipitaceae);
Europe - E. typhina on Bromus inermis (Russia), E. typhina on
Dactylis polygama (Germany), E. typhina on Holcus lanatus
(Denmark), E. typhina (Austria).

Additional specimens examined: Austria, Mauerbach near Vienna, on Epichloé
typhina, Jul., C. Keissler, Keissler, Krypt. Exs. 3392 (M-0057568). Denmark, Remg,
Lakolk, on E. typhina on Holcus lanatus, 24 Jul. 1901, O. Jaap (HBG). Germany,
Sachsen-Anhalt, Harz, Sangerhausen, NNW Grillenberg, “N KohlenstraRe”,
deciduous forest, alt. ca. 379, on E. typhina on Dactylis polygama, 9 Nov. 2003, H.
Jage (herb. Jage, No. 2967/03, HAL 1822).

Notes: This species, confined to Epichloé typhina, is morphologically
close to the common, widespread saprobic species C. herbarum,
which differs, however, in having characteristic intercalary nodes of
7-9 pm diam, such nodes encompassing the entire circumference
of the conidiophore and not just swelling on one side of the
conidiophore as in “shoulders”. The conidiophores of C. epichloés
are often geniculate, with small unilateral shoulders, but multilateral
nodes are lacking. Cladosporium epichloés is morphologically
barely distinguished from C. aecidiicola. Since the latter species
is ecologically clearly discriminated from C. epichloés by being
confined to aecia of rust fungi, we tentatively prefer to maintain
two different species. Inoculation experiments and molecular
examinations are necessary to adequately define the taxonomy of
the two species and their relations.

49. Cladosporium epimyces Cooke, Grevillea 12(61): 31.
1883. Figs 104-106.

Lectotype (designated by Heuchert et al. 2005): USA, South
Carolina, Aiken, on a gill of Armillaria mellea [= Agaricus melleus]
(Agaricaceae), Ravenel & Cooke, Fungi Amer. Exs. 596 (NY).
Isolectotypes: Ravenel & Cooke, Fungi Amer. Exs. 596 (e.g., BPI
426471).

Lit.. Heuchert et al. (2005: 19-22).
lll.: Heuchert et al. (2005: 20-21, figs 3—4).
Exs.: Ravenel & Cooke, Fungi Amer. Exs. 596.

In vivo: Colonies light to dark brown, effuse, caespitose, velvety,
erect structures delicate, thin. Mycelium immersed and superficial,
hyphae branched, 4-6 um wide, cells 7-14 pm long, with
constrictions at the septa, pale olivaceous-brown, occasionally
subhyaline, smooth, walls somewhat thickened. Stromata diffuse,
composed of subglobose to rectangular cells, 4-14 pm diam,
subhyaline to pale brown, smooth, walls somewhat thickened.
Conidiophores in loose to dense fascicles, arising from stromata or
formed singly, arising from repent hyphae, erect, sometimes curved,
subcylindrical to geniculate-sinuous, unbranched to branched,
several times, 23-250(-280) x 3-5.5(-7) um, sometimes swollen
at the very base, up to 9 um, rarely with some slight intercalary
swellings, up to 7 um, 0-8(-12)-septate, not or only slightly
constricted at the septa, pale brown, at the base pigmentation
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e 1 }
Fig. 104. Cladosporium epimyces (NY, lectotype). A. Overview showing loosely
arranged conidiophores and conidia in vivo. B. Diffuse stromata, conidiophores and
conidia in vivo. Scale bars = 10 (B), 50 (A) pm.

Fig. 105. Cladosporium epimyces (NY). Conidiophores arising from stromata,
conidia and microcyclic conidiogenesis in vivo. Scale bar = 10 um. B. Heuchert del.

stronger, paler towards the apex, smooth or almost so, young
conidiophores and conidiophores with attached conidia often
irregularly rough-walled, walls slightly thickened, tips and ultimate
branchlets often unthickened. Conidiogenous cells integrated,
terminal and intercalary, 9-52 um long, polyblastic, with up to six
conidiogenous loci, sympodially proliferating, conidiogenous loci
somewhat protuberant, thickened, darkened-refractive, 1.5-3 ym
diam. Ramoconidia straight, subcylindrical, 33-53 x 4.5-7 pm,
0-6-septate, occasionally constricted at the septa, basal hilum
slightly convex, without convex dome and surrounding raised
rim, 2-3 ym wide. Conidia catenate, usually in branched chains,
straight to slightly curved, ellipsoid, fusiform, subcylindrical, 4—-36(-
44) x 4—7(-8) um, 0-3-septate, sometimes constricted at the septa,
subhyaline to pale brown, smooth or almost so, young conidia still
attached to the conidiophores sometimes irregularly rough-walled,
walls slightly thickened, sometimes thin-walled, apex with up to
four hila, base truncate to convex, occasionally attenuated towards
the base, hila protuberant, thickened, darkened-refractive, 1-2 ym
diam; microcyclic conidiogenesis seen.

Substrates and distribution: On gill fungi (Agaricales); Europe,

North America — Armillaria mellea (USA), Hypholoma sublatentum
(USA), Lactarius sp. (Poland), Leucopaxillus gentianeus (USA).
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Fig. 106. Cladosporium epimyces (PH). Branched conidiophores, ramoconidia,
conidia and microcyclic conidiogenesis. Scale bar = 10 um. B. Heuchert del.

Additional specimens examined: Poland, Proszkow, Arboret d. Pom. Institutes, on
Lactarius sp., Sep. 1901, (HBG). USA, Pennsylvania, on Hypholoma sublatentum,
2 Aug. 1953, G.T. Reese (PH); Washington, Spokane County, [Pseudotsuga taxifolia
Association, Douglas Fir Zone, Dense near-climax forest, bottom of east facing
slope and adjacent level, 8.2. miles north of N.P. Ry, overpass north of spangle
on west side of U.S. 195, 2300 feet, T. 24N, R. 43E., S. 17.], on Leucopaxillus
gentianeus (= Leucopaxillus amarus), 10 Feb. 1948, W.B. & V.G. Cooke (NY).

Notes: Cooke (1883) described lanceolate, aseptate, hyaline
conidia, 15-20 x 4 um. The examination of type material and
additional collections showed that the original description of C.
epimyces is very poor and that this species is much more variable.
Aarnaes (2000) recorded this species from Norway, but without any
details about hosts.

50. Cladosporium episclerotiale Bubak, Ann. Mycol. 12:
213. 1914. Fig. 107.

Holotype: ltaly, Tyrol, Arco, on sclerotia of Monilinia laxa
(= Sclerotinia cinerea) (Sclerotiniaceae) on mummified fruits of
Prunus domestica (Rosaceae), Mar. 1913, E. Diettrich-Kalkhoff
(BP1426531).

Lit.: Saccardo (1931: 797), Heuchert et al. (2005: 22-24).

IlI.; Heuchert et al. (2005: 23, fig. 5).
Exs.: Jaap, Fungi Sel. Exs. 175; Sydow, Mycoth. Germ. 1781.

15



BENSCH ET AL.

Fig. 107. Cladosporium episclerotiale (BPI 426531). Conidiophores and conidia in
vivo. Scale bar = 10 um. B. Heuchert del.

In vivo: Colonies blackish brown, diffuse to dense, confluent,
caespitose, velvety. Mycelium immersed and external, superficial;
hyphae 3.5-7 um wide, closely septate (with eu- and pseudosepta),
often constricted at the septa, hyphal cells irregularly swollen,
medium olivaceous-brown, smooth or almost so, walls thickened,
conspicuously two-layered, outer layer slightly pigmented to
subhyaline. Stromata diffuse, loose to dense, composed of swollen
hyphal cells, subglobose, 3-10 ym diam, medium olivaceous-
brown to dark brown, thick-walled, stromatic and hyphal cells
with oil droplets. Conidiophores solitary, arising from hyphal
cells, aggregations or from stromata, erect, straight to curved,
subcylindrical, more or less geniculate-sinuous, unbranched or
branched, (22-)97-295(-322) x 5-8(-10) um, enlarged at the
base, sometimes conspicuously swollen, 8-13 ym wide, somewhat
attenuated towards the apex, 3-21-septate (with eusepta as
well as pseudosepta), cells 10-20 pm long, olivaceous-brown to
medium brown, pigmentation often stronger near the base, paler
towards the apex, smooth or almost so, walls thickened below, less
thickened towards the apex, wall near the tip often unthickened,
occasionally with slightly intercalary swellings, up to 10 ym diam,
often with conidiogenous loci, wall composed of two distinct layers,
outer layer paler, often with an irregular surface, not constricted
at the septa, conidiophores occasionally with oil droplets.
Conidiogenous cells integrated, terminal and intercalary, 10-55
pm long, polyblastic, with 1-7 conidiogenous loci, proliferation
sympodial, loci non- to slightly protuberant, sometimes on small

116

shoulders, formed by sympodial geniculation, truncate, 1-2(-3) um
diam, convex dome and periclinal rim often not very conspicuous
(light microscopy), thickened, darkened-refractive. Conidia usually
in branched chains, straight, subglobose, ellipsoid, broadly ellipsoid,
6.5-23(-30) x 4-8 pym, 0—4-septate, often slightly constricted at
the septa, cells often distinctly rounded, septa often thickened and
darkened, occasionally with distosepta, olivaceous to dark brown,
smooth to irregularly verruculose, walls thickened, mostly distinctly
two-layered, apex rounded or truncate to convex, with up to four
hila, base truncate to convex, hila mostly somewhat protuberant,
1-2.5(-3) ym wide and up to 1.5 pm high, thickened and mostly
distinctly darkened, occasionally not darkened, ie., hila paler
than the surrounding conidial base; microcyclic conidiogenesis
occasionally occurring.

Substrates and distribution: On Sclerotinia cinerea (Sclerotiniaceae)
and cap and gill fungi; Europe — on Prunus domestica (Germany,
Italy), Prunus spinosa (Germany), Suillus bovinus (Germany), gill
of a mushroom (Germany).

Additional specimens examined: Germany, Bavaria, Gerolzhofen, on dried fruits
of Prunus spinosa, Apr. 1912, A. Vill (HBG, as C. herbarum); Brandenburg, Kreis
Nieder-Barnim, forest between Sophienstadt and Ruhlsdorf, on decaying gills of
Boletus bovinus (= Suillus bovinus), 7 Nov. 1917, P. Sydow, Sydow, Mycoth. Germ.
1781 (M-0057567, HBG, as C. fuligineum) [mixed collection with C. herbarumy;
Kreis Prignitz, Triglitz, on a dead gill of a mushroom in a pine forest, 4 Oct. 1905, O.
Jaap, Jaap, Fungi Sel. Exs. 175 (B 700006384, as C. fuligineum Bonord.);

Notes: The generic affinity of this species, based on the structure
of the conidiogenous loci, was not clearly discernable by means of
light microscopy since the central dome and periclinal raised rim are
often not very distinct. However, it could clearly be demonstrated
by SEM that C. episclerotiale belongs in Cladosporium s. str.
(Heuchert et al. 2005).

The substrates of two of the examined collections are not quite
certain. The collection “Jaap, Fungi Sel. Exs. 175" (B 700006384),
on a dry gill of a mushroom, is totally overgrown with C. herbarum,
but a few blackish brown, caespitose, effuse colonies proved to
be morphologically indistinguishable from C. episclerotiale. In
a collection on dried fruits of Prunus spinosa (HBG), it was not
possible to ascertain if sclerotia were present.

51. Cladosporium eriobotryae Pass. & Beltrani, Transunti,
Ser. 3, 7(1): 38. 1882. Fig. 108.

Holotype: ltaly, Sicily, Monostalla, on dry leaves of Eriobotrya
japonica (Rosaceae), Sep. 1878 (not preserved). Neotype
(designated here): Germany, Berlin, Botanical Garden, on
Eriobotrya japonica, 2 May 1899, P. Hennings (B 700006326).

Lit.: Saccardo (1886: 356), Lindau (1907: 824), Ferraris (1912:
344).

In vivo: On living leaves, leaf spots small, vein-limited to large,
irregularly shaped, brown, margin indefinite or with a narrow
darker marginal line. Colonies amphigenous, mainly hypophyllous,
punctiform, scattered to loosely aggregated, dark brown to blackish.
Mycelium internal, occasionally with a few superficial hyphae
arising from swollen hyphal cells. Stromata well-developed, 10-
60(-90) um diam, substomatal to intraepidermal, brown, composed
of swollen hyphal cells, 3-8 pym diam, walls somewhat thickened.
Conidiophores in small to moderately large fascicles, loose to
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Fig. 108. Cladosporium eriobotryae (B 700006326). Conidiophores, conidia and
microcyclic conidiogenesis in vivo. Scale bar = 10 ym. U. Braun del.

moderately dense, arising from stromata, emerging through
stomata or erumpent, erect, unbranched, straight, subcylindrical or
attenuated towards the tip to usually distinctly geniculate-sinuous
or subnodulose, 20-120 x 3-8 ym, 1- pluriseptate throughout,
olivaceous to medium brown throughout or paler towards the
apex, smooth, occasionally rough-walled, walls up to 1 um
wide. Conidiogenous cells integrated, terminal and intercalary,
(5-)10-20(-25) pm long, conidiogenous loci conspicuous,
distinctly coronate, 1-2 um diam, slightly protuberant, somewhat
darkened-refractive. Conidia catenate, in simple or branched
chains, ellipsoid-ovoid, obovoid, fusiform, subcylindrical, 7-22 x
(2-)3-7 um, 0-3(—4)-septate, pale olivaceous to medium brown or
olivaceous-brown, verruculose, thin-walled (< 1 ym), ends rounded
to somewhat attenuated, hila 0.75-1.5(-2) ym diam; microcyclic
conidiogenesis occurring.

Substrate and distribution: On Eriobotrya japonica; Europe
(Germany, Italy).

Notes: Type material of this species could not be traced. The
German collection, proposed to serve as neotype, agrees well with
the brief original description. Due to the description of up to 3-septate
conidia, the original type of C. eriobotryae was undoubtedly not
identical with Fusicladium eriobotryae [= F. pomi, see Schubert et
al. 2003]. Cladosporium eriobotryae differs from C. fusicladiiformis,
also described from Eriobotrya japonica, in having much shorter,
non-dimorphic, unbranched conidiophores and darker, verruculose
conidia with up to four septa.

52. Cladosporium exasperatum Bensch, Summerell, Crous
& U. Braun, Stud. Mycol. 67: 40. 2010. Figs 109-111.

Holotype: Australia, Northern Territory, Edith Falls, S 14°05°20” E
132°05'12”, isol. from Eucalyptus tintinnans (Myrtaceae), 23 Sep.
2007, coll. B.A. Summerell, isol. PW. Crous (CBS H-20431). Ex-
type culture: CBS 125986 = CPC 14638.

lll.: Bensch et al. (2010: 41-42, figs 26-28).
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Fig. 109. Cladosporium exasperatum (CBS 125986). Macro- and micronematous
conidiophores, mycelium and conidial chains in vitro. Scale bar = 10 um. K. Bensch
del.

In vitro: Mycelium immersed and superficial; hyphae loosely
branched, (1-)1.5-4 uym wide, septate, not constricted at septa,
subhyaline to pale or medium olivaceous-brown, smooth to
verrucose or irregularly rough-walled, walls unthickened or
almost so, sometimes irregular in outline due to swellings,
occasionally swollen at the base of conidiophores, up to 6 um
wide. Conidiophores macro- and semimacronematous, solitary,
arising laterally or terminally from hyphae, erect, straight to slightly
flexuous, cylindrical-oblong, sometimes once, occasionally slightly
to distinctly twice geniculate-sinuous below the apex or on a lower
level, non-nodulose, unbranched or once branched, 15-100 x
(2-)2.5-4 pm, septate, not constricted at septa, pale to usually
medium olivaceous-brown, sometimes dark olivaceous-brown,
asperulate or irregularly rough-walled, walls unthickened or only
very slightly thickened, occasionally slightly attenuated towards the
apex. Conidiogenous cells integrated, terminal, cylindrical-oblong,
11-40 pm long, sometimes once, rarely twice geniculate-sinuous,
with loci situated on small lateral shoulders, with a single or up to
3(-4) apical loci, conspicuous, subdenticulate to denticulate, 1-1.5
pm diam, periclinal rim and central dome clearly visible, somewhat
thickened and darkened-refractive. Ramoconidia cylindrical-
oblong, 19-40 x 2.8-4 um, 0-2-septate, concolorous with tips of
conidiophores, smooth, base not cladosporioid, broadly truncate,
2.8-4 pym wide, unthickened and not darkened. Conidia catenate,
in branched chains, 2-6 conidia in the unbranched terminal part of
the chain, dichotomously branched or branching in all directions,
small terminal conidia obovoid to ellipsoid-ovoid, sometimes
subglobose, 4-9 x 3-4.5 ym (av. + SD: 6.7 £ 1.6 x 3.9 + 0.5),
aseptate, apex usually rounded, intercalary conidia ellipsoid-ovoid
to fusiform, 7-15 x 3-4.5 ym (av. £ SD: 10.5 + 2.6 x 3.9 + 0.4),
0(-1)-septate, not constricted, with 1-2 distal hila, secondary
ramoconidia ellipsoid, fusiform to subcylindrical, 9.5-30(-37)
x (2.5-)3.5-4.5(-5) uym (av. £ SD: 19.2 + 6.2 x 3.9 £ 0.6),
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Fig. 110. Cladosporium exasperatum (CBS 125986). A-C, E-H. Macronematous conidiophores and conidial chains. D. Ramoconidium seceding at the tip of a conidiophore.
Scale bar =10 pm.

Fig. 111. Cladosporium exasperatum (CBS 125986). A. Ornamented conidia on aerial structures. Note the small scars with an ornamentation free zone. B. Secondary
ramoconidium with a scar and aerial structures. C. Scars on a conidiophore. Note the smooth surface of the conidiophores. D. Ornamented secondary ramoconidium on a
conidiophore with visible line of delineation. E. Septate aerial structure with conidiophores, conidia and scars as background. F. Two ornamented globose conidia adhered to an
aerial structure showing an irregularly reticulate surface. G. Segmented differentiated hyphae on the agar surface giving rise to numerous conidiophores, conidiophore initials
and aerial structures. H. Detail of differentiated substrate hyphae. |. Segmented differentiated hyphae in initials. Scale bars = 2 (A), 5 (B-F, H), 10 (G, I) pm.

18




THE GENUS CLADOSPORIUM

0-2-septate, not constricted, sometimes slightly swollen or wider at
septa, septa median, somewhat in the upper half or occasionally in
the lower third, pale olivaceous to often medium or dark olivaceous-
brown, slightly to distinctly irregularly verruculose-rugose (LM),
surface with irregularly reticulate structure or embossed stripes
under SEM probably caused by diminishing turgor and shriveling of
tender conidia, walls thickened, occasionally distinctly constricted
in the middle, attenuated towards apex and base, with 1-4 distal
hila, hila conspicuous, subdenticulate to denticulate, 0.5-1.5 ym
diam, more or less thickened and darkened-refractive; microcyclic
conidiogenesis occurring.

Culture characteristics: Colonies on PDA attaining 26-38 mm diam
after 14 d, zonate, centre olivaceous-grey, then grey-olivaceous,
iron-grey and dull green, reverse iron-grey to dull green, floccose to
fluffy, margin regular to undulate, white, glabrous to feathery, aerial
mycelium floccose to fluffy, loose to dense, covering large areas
of the colony, growth effuse, with elevated colony centre, without
prominent exudates, sporulation profuse. Colonies on MEA attaining
12-15 mm diam after 14 d, surface and reverse olivaceous-grey,
floccose, margins crenate, very narrow, white, glabrous, aerial
mycelium abundant, floccose, dense, covering the whole surface,
growth convex but radially furrowed and wrinkled in colony centre,
no exudates, sporulating. Colonies on OA reaching 39-54 mm diam
after 14 d, olivaceous-grey to grey-olivaceous due to abundant
sporulation, reverse olivaceous-grey to pale greenish grey, velvety
to floccose, margins regular, colourless to white, glabrous, aerial
mycelium abundant, floccose to fluffy, loose to dense, covering large
parts of the colony surface, growth flat, without exudates.

Substrate and distribution: On Eucalyptus tintinnans; Australia.

Notes: Cladosporium exasperatum, which formed a distinct lineage
in phylogenetic analyses as sister to C. scabrellum (Bensch et al.
2010, fig. 1, part a), is a member of the C. cladosporioides s.lat.
complex and belongs to a group of species with distinctly rough-
walled conidia. It differs from all allied taxa in having a unique
verruculose-rugose surface ornamentation. Furthermore, it is
characterized in vitro by forming very slow growing small colonies
on all media. Cladosporium pini-ponderosae and C. acalyphae
are two comparable species with distinct surface ornamentation,
which are, however, easily distinguishable by having much longer
conidiophores and some differences in the size of the conidiogenous
loci and size and shape of conidia (Bensch et al. 2010).

53. Cladosporium exile Bensch, Glawe, Crous & U. Braun,
Stud. Mycol. 67: 43. 2010. Figs 112-114.

Holotype: USA, Washington, Seattle, University of Washington
campus, isol. from chasmothecia of Phyllactinia guttata
(Erysiphales) on leaves of Corylus avellana (Betulaceae), 12 Feb.
2004, D. Glawe (CBS H-20432). Ex-type culture: CBS 125987
= CPC 11828.

Ill.: Bensch et al. (2010: 43-45, figs 29-31).
In vitro: Mycelium immersed and superficial; hyphae sparingly
branched, 2-4 um wide, septate, sometimes constricted at

septa, sterile hyphae subhyaline, fertile hyphae pale or medium
olivaceous-brown, smooth to minutely verruculose or irregularly
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Fig. 112. Cladosporium exile (CBS 125987). Macro- and micronematous
conidiophores, mycelium sometimes forming ropes and conidial chains in vitro.
Scale bar = 10 um. K. Bensch del.

rough-walled where conidiophores are formed, walls unthickened
to slightly thickened, sometimes forming ropes or swollen at the
base of conidiophores, up to 7 um wide. Conidiophores macro-
and micronematous, solitary, arising terminally and laterally from
hyphae, erect or ascending, straight to flexuous, cylindrical-oblong,
slightly geniculate towards the apex, sometimes subnodulose,
unbranched or sometimes once, occasionally twice branched,
several long conidiophores up to 305 pm, but mostly shorter,
6-100 um long, (2-)3-4(-5) ym wide, sometimes wider or even
swollen at the base, up to 8 ymwide, pluriseptate, mostly 0-4
septa, long conidiophores with up to nine septa, sometimes slightly
constricted at septa, pale brown to medium olivaceous-brown,
sometimes paler towards the base, smooth or almost so to minutely
verruculose or irregularly roughwalled, walls unthickened or slightly
thickened, about 0.5 um wide. Micronematous conidiophores
narrower, shorter and paler, with 1-2 apical loci. Conidiogenous
cells integrated, terminal, sometimes intercalary, cylindrical-oblong,
sometimes geniculate-sinuous, occasionally subnodulose, 6-34
um long, with up to six loci per cell, crowded at or towards the apex,
sometimes loci situated on small lateral shoulders, subdenticulate
to denticulate, (0.7-)1-2 pm diam, thickened and darkened-
refractive. Ramoconidia cylindrical-oblong, 17-41 x 2.5-4(-5) ym,
0-1-septate, a single ramoconidium with four septa, base broadly
truncate, 2.5-3 ym wide, unthickened, somewhat refractive. Conidia
catenate, in branched chains, up to four conidia in the unbranched
terminal part of the chain, small terminal conidia subglobose to
mostly obovoid, 3.5-5(-5.5) x 2-3 um (av. £ SD: 4.4 £ 0.7x 24 +
0.4), intercalary conidia ovoid to ellipsoid, (4-)5-8(-9) x (2-)2.5-3
pm (av. £ SD: 6.3 £ 1.2 x 2.9 £ 0.3), aseptate, with 1-2(-3) distal
hila, secondary ramoconidia ellipsoid to subcylindrical or cylindrical,
with up to three apical hila, 7-25(-35) x 2.5-3.5(-4) um (av. = SD:
15.6 £ 7.7 x 3.1 £ 0.4), 0-1(-3)-septate, not constricted at septa,
subhyaline to pale olivaceous-brown, almost smooth to asperulate
or minutely verruculose, under SEM surface almost smooth to
reticulate or with embossed stripes caused by diminishing turgor
and shriveling of tender young conidia, walls unthickened to
slightly thickened, slightly attenuated towards apex and base,
hila protuberant, subdenticulate to denticulate, 0.5-2 um diam,
thickened and darkened-refractive; microcyclic conidiogenesis
sometimes occurring.
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Fig. 113. Cladosporium exile (CBS 125987). A-G. Macronematous conidiophores and conidial chains. Scale bars = 10 pm.

Culture characteristics: Colonies on PDA olivaceous to glaucous-
grey, reverse pale olivaceous-grey to olivaceous-grey, powdery
to fluffy, margin white, narrow, somewhat feathery and shiny
like metal, aerial mycelium diffuse, loose, fluffy, high, growth low
convex, somewhat folded, without exudates, sporulation profuse.
Colonies on MEA olivaceous-grey in the centre, greenish grey and
glaucous-grey towards margins, zonate, reverse olivaceous-grey,
woolly-felty, margin white, narrow, somewhat feathery, radially
furrowed, folded and wrinkled, aerial mycelium low to high, loose
to more dense, fluffy, without exudates, sporulating. Colonies on
OA dark smoke-grey to olivaceous-grey and iron-grey, reverse
leadengrey, powdery to woolly-felty, margin narrow, white or
colourless, glabrous, aerial mycelium loose, fluffy to felty, growth
flat to low convex, without exudates, sporulating.

Substrate and distribution: Isolated from chasmothecia of
Phyllactinia guttata on leaves of Corylus; USA.

Notes: In phylogenetic analyses, this species formed a separate
lineage as sister to C. paracladosporioides (Bensch et al. 2010,
fig. 1, part a), i.e., it belongs to the C. cladosporioides complex.
The latter species is easily distinguishable by its usually smooth
conidiophores and conidia, and somewhat longer and wider, mainly
aseptate secondary ramoconidia.
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54. Cladosporium exobasidii Jaap

54.1. Cladosporium exobasidii Jaap, Verh. Bot. Vereins
Prov. Brandenburg 49: 29. 1907 var. exobasidii. Fig. 115.

Lectotype (designated in Heuchert et al. 2005): Germany, Rhén,
Gersfeld, Rotes Moor, on galls of Exobasidium vaccinii var. vaccinii
(Exobasidiales) on Vaccinium uliginosum (Ericaceae), 30 Jul. 1906,
0. Jaap (B 700006339). Isolectotypes: Jaap, Fungi Sel. Exs. 200
(e.g. HAL, M-0057603).

Lit.: Lindau (1907: 808, 1910: 796), Lind (1913: 522), Saccardo
(1913a: 1371), Braun (2001: 57), Heuchert et al. (2005: 24-26).
Ill.: Braun (2001: 55, fig. 3), Heuchert et al. (2005: 25, fig. 6).

Exs.: Jaap, Fungi Sel. Exs. 200.

In vivo: Colonies on galls, olivaceous-brown to dark brown,
occasionally greyish, loosely to densely caespitose, effuse, erect
structures slightly shiny. Mycelium immersed; hyphae branched,
2-9 um wide, cells 3-14 um long, often constricted at the septa,
subhyaline to olivaceous-brown, cells smooth, walls unthickened
or only slightly thickened, swollen hyphal cells 3-13 pm diam,
forming loose to dense aggregations. Conidiophores solitary or in
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loose to dense fascicles, arising from hyphal aggregations, erect to
decumbent, straight to curved, subcylindrical, slightly geniculate-
sinuous, usually unbranched, rarely branched in the upper third, 25-
400 x 3.5-6.5(-8) pm, occasionally longer, sometimes somewhat
swollen at the base, 6-11 ym wide, 3-11-septate, not constricted
at the septa, pale to medium olivaceous-brown, paler towards
the apex, tips often subhyaline, smooth, but occasionally rough-
walled in the upper third, walls thickened, but often thin-walled near
the tips, occasionally enterogenously proliferating, monopodial,
sometimes with intercalary swellings, 5-9 pm wide, swellings often
with numerous conidiogenous loci, tips often somewhat capitate
and provided with numerous conspicuous loci. Conidiogenous cells
integrated, terminal and intercalary, subcylindrical, 14-108 um long,
polyblastic, sympodially proliferating, conidiogenous loci crowded,
usually conspicuously protuberant, thickened and darkened,
1.5-2.5 ym wide. Ramoconidia clavate, subcylindrical, 14-29(-30)
x4-5.5um, 0-1(-3)-septate, without any constrictions, base slightly
convex, without dome and raised rim, 2.5-3 pym wide. Conidia
numerous, usually in branched chains, straight, occasionally
slightly curved, subglobose, obovoid, ellipsoid, subcylindrical, 2-19
x 2-6 pym, 0-1(-2)-septate, without any constrictions, subhyaline
to pale olivaceous, smooth, wall unthickened to slightly thickened,
apex rounded, somewhat attenuated to truncate, with up to five
hila, base truncate, convex or slightly attenuated, hila protuberant,
thickened and darkened, 1-2 pym diam; microcyclic conidiogenesis
occurring.

Substrates and distribution: On Exobasidium spp. (Exobasidiales);
Europe - on E. rhododendri (Austria), E. vaccinii on Andromeda
polifolia (Sweden), E. vaccinii on Vaccinium uliginosum (Denmark,
Germany), E. vaccinii on V. vitis-idaea (Germany), E. vaccinii on
Vaccinium spp. (Poland, Ukraine).
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Fig. 114. Cladosporium exile
(CBS 125987). A. Conidia
and secondary ramoconidia
with reticulate ornamentation,
near long aerial hyphae or
conidiophores. B. CryoSEM of
different types of conidia on aerial
structures. Note a remarkable
pattern  of  blastoconidium
formation (backwards) (arrow).
C. Numerous hyphae and
conidiophores in this overview
of a colony of the fungus. D.
Hyphae on the agar surface. E.
Conidia and aerial structures.
F. Detail of conidia and scars.
Scale bars = 2 (F), 5 (A-B), 10
(E), 50 (C-D) pm.

Additional specimens examined.: Austria, Karnten, Oberseeland in the Karawanken,
on Exobasidium rhododendri, 31 Jul. 1907, O. Jaap (HBG). Denmark, Jiitland,
Wilborg, on galls of Exobasidium vaccinii var. vaccinii on Vaccinium uliginosum, 14
Jun. 1906, J. Lind (B 700006341). Germany, Bavaria, Mittelfranken, near Girndorf,
on Exobasidium vaccinii on Vaccinium vitis-idaea, 29 Jun. 1898, A. Schwarz (HBG);
“Fohrenwald auf Diluvialsand”, E of Niinberg, 3 Jul. 1898, A. Schwarz (HBG);
between Schwarzenbach and Unterburg near Niirnberg, 9 Jul. 1907, A. Schwarz
(HBG); Brandenburg, forster's house Briese near Birkenwerder, 8 Jun. 1901, P.
Roseler (HBG, as C. fuligineum); Kreis Prignitz, Putlitzer Heide bei Putlitz, on galls
of Exobasidium vaccinii var. vaccinii on Vaccinium uliginosum, 1 Sep. 1900, O. Jaap
(B 700006340).

Notes: The collection on Exobasidium vaccinii var. vaccinii on
Vaccinium uliginosum from Denmark (B 700006341) cannot be
considered a paratype as cited by Braun (2001: 57) since this
collection was not cited by O. Jaap in the protologue of the original
description. Another original collection from the herbarium in Berlin-
Dahlem (B 700006339), cited by Jaap, was selected as lectotype (this
sample cannot be considered the holotype since Jaap listed several
original collections, but did note designate any types). Duplicates of
the lectotype, distributed in Jaap’s Fungi Sel. Exs. are isolectotypes.

De Vries (1952) and Ho et al. (1999) cited C. exobasidii as
a synonym of C. cladosporioides, although in the latter species
the conidiophores are characterised by lacking swellings and
geniculations, and the conidiogenous loci are not crowded (Braun
2001). Oudemans (1919) and Lind (1934) regarded C. exobasidii to
be a synonym of C. fuligineum (= C. herbarum), although the latter
species is clearly distinguished by having verruculose to verrucose
conidia. A collection on Exobasidium rhododendri (HBG) has been
examined, but was too old and scarce to be provable.

54.2. Cladosporium exobasidii var. verruculosum
Heuchert, U. Braun & K. Schub., Schlechtendalia 13: 27.
2005. Fig. 116.
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Fig. 115. Cladosporium exobasidii var. exobasidii (B 700006339). Conidiophores,
ramoconidia and conidia in vivo. Scale bar = 10 um. B. Heuchert del.

Holotype: Czech Republic, near Pontresina, on Exobasidium
vaccinii var. vaccinii (Exobasidiales), 3 Sep. 1899, P. Magnus
(HBG).

Ill.: Heuchert et al. (2005: 27, fig. 7).

In vivo: Colonies olivaceous, loose to dense, effuse, caespitose.
Mycelium immersed; hyphae branched, 2-5 um wide, cells
5-20 um long, not constricted at the septa or only slightly so,
olivaceous-brown, smooth, walls unthickened. Stromata lacking.
Conidiophores solitary, arising from hyphae, often densely
arranged, erect to decumbent, geniculate-sinuous, mostly
unbranched, occasionally branched in the upper third, 2-217 x
2-6 um, slightly enlarged at the base, up to 7 um, 1-6-septate,
without any constrictions, pale to dark olivaceous-brown, rarely
subhyaline, usually paler towards the apex, smooth, walls
slightly thickened. Conidiogenous cells integrated, terminal
and intercalary, 14-53 um long, polyblastic, conspicuously
geniculate-sinuous, occasionally slightly widened, conidiogenous
loci protuberant, thickened, darkened, 1-2 um diam. Conidia
usually in branched chains, rarely slightly curved, broadly
ellipsoid, fusiform, obovoid, 5-23 x 3-7 ym, 0-1-2)-septate,
secondary ramoconidia broadly ellipsoid, subcylindrical, 10-38
x 4-7 um, 0-2(-3)-septate, at the apex with up to four hila,
without any constrictions, pale olivaceous-brown to medium
brown, verruculose, walls unthickened, apex rounded, truncate
or somewhat attenuated, convex, base truncate to convex, hila
conspicuously protuberant, thickened and darkened, 1-2 um
diam; microcyclic conidiogenesis not observed.
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Fig. 116. Cladosporium exobasidii var. verruculosum (HBG). Conidiophores and
conidia in vivo. Scale bar = 10 um. B. Heuchert del.

Substrates and distribution: On Exobasidium spp. (Exobasidiales);
Europe - on E. vaccinii var. vaccinii (Czech Republic), on
Exobasidium warmingii (Switzerland).

Additional specimen examined. Switzerland, near Davos, on Exobasidium
warmingii on Saxifraga aizoon, 22 Jul. 1901, Travel (HBG).

Notes: This variety is distinguished from var. exobasidii by having
verruculose conidia. Conidiophores with nodulose swellings and
true ramoconidia are lacking in var. verruculosum, but swellings
are also not consistently formed in var. exobasidii. Otherwise the
two varieties are congruent.

55. Cladosporium ferox (Kabat & Bubak ex Lindau) J.C.
David, Mycol. Pap. 172: 40. 1997. Fig. 117.

Basionym: Heterosporium ferox Kabat & Bubak ex Lindau, Rabenh.
Krypt.-Fl., Ed. 2, 1(9): 83. 1910.

= Heterosporium ferox Kabat & Bubak, Fungi Imperf. Exs., Fasc. 9, No.
444.1907, nom. inval.

Lectotype (selected by David 1997): Czech Republic, Tabor,
botanic garden, on Ranunculus arvensis (Ranunculaceae), 12 Jul.
1906, Kabat & Bubak, Fungi Imperf. Exs. 444 (BPI 802184).

Lit.: Lindau (1910: 83).
lll.: David (1997: 41-42, figs 9-10).
Exs.: Kabat & Bubak, Fungi Imperf. Exs. 444.

In vivo: Leaf spots amphigenous, small, regular, brown patches.
Mycelium immersed, branched, septate, hyaline, 2.5-7.5 ym wide.
Stromata absent. Conidiophores densely fasciculate, up to 30,
arising fromthe host surface, erect, sometimes curved, subcylindrical
to geniculate-sinuous, above all in the upper half, unbranched, 90—
150(-200) x 6-8.5 um, septate, uniformly pale to medium brown,
thin-walled (< 1 um), smooth, old conidiophores sometimes finely
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Fig. 117. Cladosporium ferox (BPI 802184). Conidiophores and conidia in vivo.
Scale bar =10 ym. U. Braun del.

rough-walled. Conidiogenous cells integrated, terminal, 10-40
pm long, conidiogenous loci conspicuous, somewhat protuberant,
thickened and darkened, broad and flat, 2.5-3.5 ym diam. Conidia
solitary, cylindrical to subclavate, straight, occasionally somewhat
curved, (25-)30-55(-65) x 7-9 um, (1-)3-4(-5)-septate, not
constricted at the septa, pale olivaceous, thin-walled, smooth,
old conidia sometimes finely rough-walled, apex obtuse, broadly
rounded, somewhat tapering towards the base, basal hilum not or
somewhat protuberant, coronate, with a thickened periclinal rim
which may be inclined inwards, central dome conical, 2 ym diam,
with a distinct central pore.

Substrates and distribution: On Ranunculus arvensis; Czech
Republic.

Notes: Lindau (1910) commented that this species infected aerial
parts of the host plant, but not usually the flowers, gradually causing
its degeneration until it dies.

56. Cladosporium flabelliforme Bensch, Summerell, Crous
& U. Braun, Stud. Mycol. 67: 45. 2010. Figs 118, 119.

Holotype: Australia, Northern Territory, Fogg Dam, S 12°34'01”
E 131°17°49” isol. from Melaleuca cajuputi (Myrtaceae), 23 Sep.
2007, coll. B.A. Summerell, isol. PW. Crous (CBS H-20433). Ex-
type culture: CBS 126345 = CPC 14523.

Ill.: Bensch et al. (2010: 46-47, figs 32-33).
In vitro: Mycelium immersed and superficial; hyphae filiform to
cylindrical-oblong, unbranched or sparingly branched, 0.5-1 ym

wide, at the base of conidiophores wider, 1.5-2.5 um wide, septate,
not constricted, septa often not very conspicuous, subhyaline to
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Fig. 118. Cladosporium flabelliforme (CBS 126345). Conidiophores and conidia in
long often dichotomously branched chains in vitro. Scale bar = 10 um. K. Bensch
del.

very pale olivaceous or pale olivaceous-brown, smooth, walls
unthickened, forming dense ropes or filiform hyphae often spirally
twisted. Conidiophores macronematous, solitary, arising terminally
and laterally from hyphae, erect, straight, cylindrical-oblong,
neither nodulose nor geniculate, unbranched, 24-90 x 2-3.5(-4)
pm, 0-3-septate, not constricted at septa, very pale olivaceous-
brown or olivaceous, smooth or finely verruculose, asperulate,
walls unthickened and somewhat irregular towards the base.
Conidiogenous cells integrated, terminal, cylindrical-oblong,
neither geniculate nor nodulose, 11-42 pym long, with 1-3 loci at the
apex, conspicuous, subdenticulate, 1-1.5 um diam, thickened and
darkened-refractive. Ramoconidia occasionally formed, cylindrical-
oblong, up to 50 um long, asperulate as tips of conidiophores, not
attenuated towards the base, base about 2.5 um wide, unthickened
and not darkened. Conidia catenate, in long branched chains, often
dichotomously branched, up to 7(-9) conidia in the unbranched
terminal parts of the chain, conidial chains flabellate (spread in a
fan-like manner), small terminal conidia obovoid or ellipsoid, 4.5-8
x 1.5-2.5 ym (av. £ SD: 6.1 £ 1.2 x 2.0 £ 0.3), intercalary conidia
fusiform to ellipsoid or subcylindrical, 7-16(-18) x 1.5-3 ym (av.
+SD: 10.0 £ 3.0 x 2.5 £ 0.5), aseptate, occasionally with a single
septum, attenuated towards apex and base, with 1-2(-3) distal
hila, secondary ramoconidia fusiform to cylindrical-oblong, 11-27 x
(2-)2.5-3(-3.5) um (av. £ SD: 19.2 £ 4.9 x 2.8 £ 0.3), aseptate, very
pale olivaceous or olivaceous-brown, smooth, walls unthickened,
with 2-3(-4) distal hila, hila conspicuous, subdenticulate,
0.5-1.5 um diam, thickened and darkened-refractive; microcyclic
conidiogenesis occasionally occurring.

Culture characteristics: Colonies on PDA attaining 50-57 mm diam
after 14 d, grey-olivaceous, reverse grey-olivaceous to olivaceous-
grey, paler parts olivaceous-buff, floccose to fluffy-felty, margins
glabrous, somewhat shiny and slimy, white to olivaceous-buff, aerial
mycelium diffuse to somewhat dense, pale olivaceous-grey, floccose
to villose, growth low convex to dome-shaped with somewhat
elevated colony centre, without conspicuous exudates, sporulation
profuse. Colonies reaching 60-80 mm diam after 14 d, smoke-grey
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Fig. 119. Cladosporium flabelliforme (CBS 126345). A-H. Conidiophores and conidial chains. Scale bars = 10 um.

to olivaceous, grey-olivaceous towards margins, reverse olivaceous-
grey, floccose to fluffy, margins white, glabrous to feathery radially
furrowed, aerial mycelium whitish forming dense patches, floccose to
felty, growth effuse, without prominent exudates, sporulation profuse.
Colonies on OA attaining 55-68 mm diam after 14 d, olivaceous-buff
to greenish olivaceous, reverse pale olivaceous-grey to olivaceous-
grey, greyish sepia in colony centre, floccose, margins colourless,
glabrous, aerial mycelium sparse, diffuse, growth flat, somewhat
wrinkled, sometimes concentric zones of higher conidiophores and
areas of profuse sporulation, without exudates.

Substrate and distribution: On Melaleuca; Australia.

Notes: Cladosporium flabelliforme, which clustered as a basal
sister to C. exile in phylogenetic analyses (Bensch et al. 2010, fig.
1, part a), belongs to the C. cladosporioides complex, but is well
distinguished from allied species by its conidial chains spread in
fan-like manner.

57. Cladosporium foliorum Ellis & Everh. ex K. Schub.,
Schlechtendalia 14: 65. 2006. Fig. 120, 121.

= Cladosporium foliorum Ellis & Everh., in herb.

Holotype: USA, California, Amador Co., Pine Grove, ca. 2200 m
alt., on living leaves of Angelica breweri (Apiaceae), Aug. 1896, G.
Hansen, No. 1362 (BPI 426581). Isotype: BPI 426580.

Lit.: Schubert (2005b: 70-71).

Ill.: Schubert (2005b: 71, fig. 24, pl. 9, figs F-I), Schubert et al.
(2006: 66, fig. 4, pl. 1, fig. F).
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In vivo: Leaf spots amphigenous, formed as extended pale
ochraceous to yellowish orange discolorations, often limited by
leaf veins, appearing somewhat angular-irregular, at first at leaf
margins, later spreading towards the midrib, covering large areas of
the leaf surface, later becoming somewhat darker, small segments
orange-brown or pale to medium brown and somewhat shiny,
without margin, rarely with a narrow brownish margin. Colonies
amphigenous, sparingly fruiting and not very conspicuous,
often at the tips of the leaves, loosely caespitose, pale brown to
brown. Mycelium internal, subcuticular to intraepidermal; hyphae
branched, 2-8 pm wide, septate, sometimes with small swellings
and constrictions, subhyaline to pale olivaceous-green, smooth or
almost so, walls slightly to distinctly thickened, radiating, forming
loose to dense stromatic hyphal plates (Fusicladium-like growth),
interconnecting stromata, hyphal cells angular, cylindrical-oblong,
polygonal, 5-10(-15) pm long, sometimes irregularly lobed, pale
yellowish to pale yellowish-brown. Stromata compact, 15-50 ym
diam, usually substomatal, composed of swollen hyphal cells, 3-10
pm wide, medium brown to somewhat reddish brown, smooth or
almost so, thick-walled. Conidiophores fasciculate, in small to
moderately large fascicles, arising from stromata, emerging through
stomata, rarely solitary, arising from hyphae, erect, substraight to
somewhat flexuous, narrowly cylindrical-oblong to filiform, often
apically slightly geniculate-sinuous, non-nodulose, unbranched
or once branched, 25-120 x 3-5 pm, 1-4-septate, septa not
very conspicuous, subhyaline to pale brown, almost smooth to
minutely verruculose throughout, walls one-layered, somewhat
thickened, sometimes slightly swollen at the base, up to 7 ym wide,
protoplasm of the cells somewhat aggregated at the septa, but not
very conspicuous. Conidiogenous cells integrated, terminal and
intercalary, cylindrical-oblong, often slightly geniculate, 13-51 um
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Fig. 120. Cladosporium foliorum (BP! 426581). Fascicle of conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

long, proliferation sympodial, with few conidiogenous loci situated
on small lateral shoulders, protuberant, well differentiated in a raised
dome and a periclinal rim, 1-2 ym diam, thickened, somewhat

darkened-refractive. Conidia catenate, in branched chains, straight
to slightly curved, subglobose, obovoid, ellipsoid to cylindrical, 4-26
x (2.5-)3.5-6 pym, 0-1(-2)-septate, sometimes slightly constricted
at the septa, pale brown, verruculose, walls slightly thickened,
apex and base rounded or somewhat attenuated, hila protuberant,
(0.5-)1-2 um diam, thickened, somewhat darkened-refractive;
microcyclic conidiogenesis occurring.

Substrate and distribution: On Angelica breweri; USA.

Notes: With its radiating hyphal plates C. foliorum resembles species
of the genus Fusicladium, but it is quite distinct from the latter genus
in having cladosporioid conidiogenous loci and hila with a central
convex dome and a raised periclinal rim. Cladosporium dracaenatum
is morphologically close to C. foliorum but clearly separated by longer,
pluriseptate conidiophores and 0-3-septate conidia. With age the
conidia become more frequently septate (up to 7), longer and above
all wider, giving rise to secondarily formed conidiophores. Other
Cladosporium species described on a host belonging to Apiaceae
were excluded from this genus and reallocated to Passalora [e.g.
C. depressum = Passalora depressa] or Pseudocercospora [C.
punctiforme = Pseudocercospora saniculag-europaeael.

58. Cladosporium fraxinicola K. Schub. & Mutenko,
Schlechtendalia 14: 67. 2006. Figs 122-125.

Holotype: Germany, Sachsen-Anhalt, Halle (Saale), Neuwerk/
Jagerplatz, Kindergarten, on Fraxinus excelsior (Oleaceae),
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23 Jun. 2004, K. Schubert (HAL 1829 F). Paratypes: Germany,
Sachsen-Anhalt, Halle (Saale), Neuwerk/Jagerplatz, Kindergarten,
on Fraxinus excelsior, 2 Aug. 2004, K. Schubert (HAL 1830 F) and
Braun, Fungi Sel. Exs. 47; Poland, Lublin, street margin, 10 Aug.
2004, W. Mutenko (HAL 1831 F) and Braun, Fungi Sel. Exs. 48.

Lit.: Schubert (2005b: 73).

lll.: Schubert (2005b: 72-75, figs 25-27, pl. 12, figs A-H), Schubert
et al. (2006: 68-70, figs 5-7, pl. 1, figs H-).

Exs.: Braun, Fungi Sel. Exs. 47, 48.

In vivo: On living leaves, causing leaf spots, amphigenous,
variable in shape and size, subcircular to oval-elliptical or
irregularly in outline, 3-8 mm wide, effuse, then usually irregular
in shape, up to 45 mm long or even longer, confluent, covering
large areas of the leaf surface, pale to medium brown or even
dark brown, somewhat darker in the centre, somewhat zonate,
surrounded by a narrow, irregular, dark brown or even reddish
brown margin, on the lower leaf surface spots paler. Colonies
epiphyllous or hypophyllous, scattered, punctiform, caespitose,
loose to somewhat denser, pale to dark brown or blackish, villose.
Mycelium internal and external, hyphae sometimes emerging
through stomata and growing superficially; hyphae sparingly
branched, 3.5-6(-8) um wide, septate, subhyaline to very pale
olivaceous, smooth, walls only slightly thickened, often swollen,
swollen hyphal cells subglobose to somewhat angular, 7-14
um wide, pale to medium olivaceous-brown. Stromata absent.
Conidiophores solitary or in small loose groups, arising from
internal and external hyphae or swollen hyphal cells, erumpent
through the cuticle, emerging through stomata or growing
superficially, erect, straight to slightly flexuous, often geniculate-
sinuous, somewhat subnodulose, unbranched or branched,
12-265 x (2.5-)4-9 pm, septate, pale olivaceous to olivaceous-
brown, smooth, walls slightly to distinctly thickened, sometimes
even two-layered, slightly attenuated towards the apex, lumen
sometimes granular. Conidiogenous cells integrated, terminal
or intercalary or conidiophores reduced to conidiogenous cells,
10-52 um long, proliferation sympodial, with a single to several
protuberant conidiogenous loci, 1-3 um diam, thickened,
darkened-refractive. Conidia catenate, in branched chains,
straight, small terminal conidia (without apical hila) subglobose,
ovoid, obovoid to ellipsoid, 2.5-10 x 2-4.5 um, intercalary conidia
and secondary ramoconidia limoniform, ellipsoid, fusiform to
cylindrical, 6.5-31 x 3.5-6 ym, 0-2(-3)-septate, rarely somewhat
constricted at the septa, pale olivaceous, smooth to minutely
verruculose, walls only slightly thickened, lumen sometimes
appearing to be granular, apex rounded or truncate, somewhat
attenuated towards the apex and base, base truncate to slightly
convex, hila (0.5-)1-3 pym diam, thickened, darkened-refractive;
microcyclic conidiogenesis occurring.

Substrate and distribution. On Fraxinus excelsior; Europe
(Germany, Poland).

Notes: Cladosporium fraxinicola is comparable with C. myrtacearum
(Braun et al. 2005) and C. psoraleae (Ellis 1976) but has deviating
characters of conidiophores, conidia and conidiogenous loci
(Schubert et al. 2006). Attempts to grow C. fraxinicola in culture
failed.

Several Cladosporium taxa have been described from Fraxinus
spp. Cladosporium acutum is conspecific with C. herbarum.
Cladosporium desmotrichum (Desmaziéres 1851) was described to
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Fig. 122. Cladosporium fraxinicola (HAL 1829 F). Conidiophores and conidia in vivo.
Scale bar =10 um. K. Bensch del.

Fig. 123. Cladosporium fraxinicola (HAL 1830 F, paratype). Symptoms,
conidiophores and conidia in vivo. Scale bar = 10 ym. K. Bensch del.

have fasciculate conidiophores with hyaline tips and 0-1-septate,
colourless conidia. Type material of this species could not be traced
at PC. Original material of C. fumago f. fraxini (nom. nud., Thimen,
Herb. Mycol. Oecon. 375, B 700006422) consists of green leaves
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. Symptoms,
conidiophores, conidia and microcyclic conidiogenesis in vivo. Scale bar = 10 um.
K. Bensch del.

B. Symptoms. C, D. Fascicle of conidiophores. E. Tip of a conidiophore with still
attached conidium and several conidia. F, H. Conidiophores. G. Conidial chain with
conidia just separating but still attached at the central domes. Scale bars = 10 (F-H),
20 (E), 50 (C-D) um.

3% www.studiesinmycology.org

infected with several hyphomycetes, including a Trimmatostroma-
like hyphomycete and C. herbarum. The taxonomic status of C.
simplex Schwein., described from the USA, is quite unclear since the
type material is too meagre and the original description (Schweinitz
1832) too brief and non-informative for a final conclusion.

59. Cladosporium fumagineum Sacc., Nuovo Giorn. Bot.
Ital., N.S., 27: 86. 1920. Fig. 126, 127.

Lectotype (designated here): USA, Wyoming, Cook Co., Devils
Tower, on living leaves of Quercus sp. (Fagaceae), 28 Jul. 1918,
J.R. Weir, No. 10025 (PAD). Isolectotype: BPI 426763.

Lit. Saccardo (1931: 791), Schubert (2005b: 76-77).
Il Schubert (2005b: 76, fig. 28, pl. 13, figs A-C).

In vivo: Leaf spots amphigenous, oval to somewhat irregular,
often confluent, epiphyllous spots pale greyish brown to pale
reddish brown, margin indefinite or narrow and somewhat darker
reddish brown, sometimes surrounded by a narrow whitish grey
halo, hypophyllous olivaceous-brown to dark brown, surrounded
by a narrow pale yellowish to pale reddish brown halo. Colonies
hypophyllous, effuse, densely caespitose, dark brown, not vein-
limited, velvety. Mycelium internal and external; hyphae branched,
2-5 ym wide, septate, often slightly constricted at the septa, pale
olivaceous to olivaceous-brown, smooth, walls slightly thickened,
often with small swellings, up to 7 um wide, forming a loose hyphal
network. Conidiophores solitary or in small loose groups of 2-3,
arising from internal and external creeping hyphae, terminal and
lateral, erect, straight to somewhat flexuous, slightly geniculate-
sinuous towards the apex, unbranched or once branched, 14-150
x 3-5.5 um, septate, olivaceous-brown, somewhat paler towards
the apex, smooth, walls thickened. Conidiogenous cells integrated,
terminal and intercalary, cylindrical, 7-25 ym long, somewhat
geniculate-sinuous, proliferation sympodial, with a single to several
conidiogenous loci, subdenticulate, truncate to slightly convex,
1-2 um diam, thickened, darkened-refractive. Conidia catenate,
in unbranched or branched chains, straight to slightly curved,
subglobose, ovoid, obovoid, ellipsoid, fusiform to subcylindrical,
2.5-25 x 25-55 pm, 0-2(-3)-septate, sometimes constricted
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Fig. 126. Cladosporium fumagineum (PAD). Conidiophores and conidia in vivo.
Scale bar =10 um. K. Bensch del.
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C

Fig. 127. Cladosporium fumagineum (PAD). A. Conidiophores, somewhat geniculate-sinuous towards the apex. B, C. Conidia. Scale bars = 10 (A-C) pm.

at the septa, olivaceous to olivaceous-brown or medium brown,
smooth, walls only slightly thickened, apex often rounded, hila
protuberant, truncate to slightly convex, 0.5-2 ym diam, somewhat
thickened and darkened-refractive; microcyclic conidiogenesis not
observed.

Substrate and distribution: On Quercus sp.; USA.

Notes: This species is morphologically close to some collections
of C. uredinicola on Phyllactinia angulata on leaves of Quercus
sp. However, no powdery mildew fungi could be observed on
the leaves of the lectotype material, and leaf spots are formed.
Since C. uredinicola is a fairly variable, fungicolous species
mainly occurring on uredospores of several rust fungi, which
mostly produces much longer conidia (Heuchert et al. 2005),
C. fumagineum is tentatively maintained as a separate species.
Additional collections are needed to clarify the taxonomic status
of this taxon.

60. Cladosporium funiculosum W. Yamam., Sci. Rep.
Hyogo Univ. Agric., Ser. Agric. 4(1): 5. 1959. Figs 128, 129.

Holotype: Japan, isol. from leaves of Vigna umbellata
[= Phaseolus chrysanthos] (Fabaceae), probably authentic strain
of C. funiculosum. Ex-type culture; CBS 122129 = ATCC 38010
= |IFO 6537 = JCM 10683.

Lit.: Bensch et al. (2010: 47-49).
Ill.: Bensch et al. (2010: 48, figs 34-35).

In vitro: Mycelium immersed and superficial, hyphae loosely
branched, filiform to cylindrical-oblong or irregular in outline due
to swellings, 1-3 um wide, septate, smooth or mostly loosely
verruculose to densely verruculose Zasmidium(Stenella)-like,
walls unthickened, sometimes forming ropes. Conidiophores
micronematous to semimacronematous, solitary, arising terminally
and laterally from plagiotropous or ascending hyphae or hyphal
strains, filiform to narrowly cylindrical-oblong, neither geniculate
nor nodulose, unbranched, occasionally once branched,
10-120 x 2-3(-4) um, usually rather short, 0-2(-5)-septate,
not constricted at septa, subhyaline to pale olivaceous, smooth
to minutely verruculose, walls unthickened, sometimes hardly
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Fig. 128. Cladosporium funiculosum (CBS 122129). Macro- and micronematous
conidiophores, mycelium sometimes formed in ropes and conidial chains in vitro.
Scale bar =10 um. K. Bensch del.

distinguishable from hyphae, sometimes irregular in outline due
to swellings and constrictions. Conidiogenous cells integrated,
terminal, sometimes intercalary, proliferation often distinctly
sympodial, but neither geniculate nor nodulose, 10-33 pm long,
with 1-3 loci at the apex, sometimes few additional loci at a lower
level, subdenticulate, 1-1.5 ym diam, somewhat thickened and
darkened-refractive. Ramoconidia not formed. Conidia catenate,
in long unbranched or basely, often dichotomously branched
chains, up to 8(-14) conidia in the unbranched terminal part,
straight, small terminal conidia subglobose, obovoid, narrowly
ovoid, ellipsoid, sometimes narrowly obclavate, 2.5-5 x 1.5-2
pm (av. £ SD: 4.3 £ 1.0 x 1.7 £ 0.3), aseptate, intercalary conidia
narrowly ellipsoid, fusiform to subcylindrical, 5-16 x (1.5-)2-3
pm (av. = SD: 9.3 + 3.3 x 2.6 + 0.4), 0-1-septate, with 1-2
distal hila, secondary ramoconidia ellipsoid to subcylindrical or
cylindrical, 7-23(-27) x 2.5-3.2(-4) ym (av. £ SD: 15.6 £ 5.1
x 2.9 + 0.3), 0-1(-2)-septate, not constricted at septa, septum
often somewhat in the upper half, with (1-)2-3 distal hila, often
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Fig. 129. Cladosporium funiculosum (CBS 122129). A-E, G. Macronematous conidiophores and conidial chains. F. Micronematous conidiophore with conidial chains. Scale
bars = 10 um.

with a second hilum near the base forming additional conidia
“pbackwards”, subhyaline to pale olivaceous, smooth, walls
unthickened, slightly to distinctly attenuated towards apex and
base, cell structure granular, hila conspicuous, subdenticulate,
0.5-1.5 ym diam, somewhat thickened and darkened-refractive;
microcyclic conidiogenesis not observed.

Culture characteristics: Colonies on PDA attaining 65-78 mm
diam after 14 d, glaucous-grey or iron-grey to black, olivaceous
towards margins, reverse greenish grey to grey-olivaceous or
dark mouse-grey to black, floccose, felty-woolly to shiny, margin
white to olivaceous, feathery, regular, aerial mycelium abundant,
floccose to villose, low to high, mainly in colony centre, growth
effuse to low convex, somewhat wrinkled, with numerous small to
large prominent exudates, sometimes coalescing, forming slimy
ring-like structures in colony centre, not sporulating. Colonies on
MEA reaching up to 80 mm diam after 14 d, pale olivaceous-grey
to buff or rosy-buff, reverse olivaceous-grey, brick to dark brick
towards margins, zonate, floccose to felty, margin white, glabrous
to feathery, narrow, regular, aerial mycelium abundant, covering
most of the colony surface, floccose to felty, dense, low, growth
effuse, radially furrowed and wrinkled, without prominent exudates,
not sporulating. Colonies on OA attaining 58-67 mm diam after
14 d, white to smoke-grey, pale olivaceous-grey or olivaceous-
grey, colony centre buff or rosy-buff, reverse pale olivaceous-grey
to fawn, floccose to felty, margins colourless to white, glabrous,
regular, aerial mycelium abundant, covering the whole surface,
floccose to felty, growth flat, with numerous small prominent
exudates, not sporulating.
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Substrate and distribution: On Vigna; Japan.

Notes: Due to smooth conidia, C. funiculosum belongs to the C.
cladosporioides complex. The history of description, typification and
deposited cultures of this species is, however, somewhat confusing
and intricate. CBS strains of C. funiculosum are subcultures of
authentic strains deposited at the IFO culture collection. Bensch et
al. (2010) included two strains of C. funiculosumin the phylogenetic
studies of this complex. One of these (CBS 122128 = ATCC
16160 = IFO 6536 = JCM 10682) was named C. coralloides
and should represent an authentic strain of the latter species but
this seems to be a different species. The two strains are both
phylogenetically (see Bensch et al. 2010, fig. 1, partb as sister to C.
pseudocladosporioides) and morphologically identical whereas C.
coralloides, an invalidly published name isolated from Ficus carica
and Oryza sativa, is to be excluded from the genus Cladosporium
since the scar structure is not cladosporioid. A dried specimen
from BPI was re-examined agreeing with the species description
published in Yamamoto (1959) and shows Metulocladosporiella-
like structures. The “lectotype” of C. coralloides in Ho et al. (1999)
was inappropriately designated since it was not an element from
the protologue of the original description. Furthermore, sequence
data of DNA from ATCC 16160 do not cluster with C. funiculosum
but represent another species. Conidiophore measurements and
the species epithet “funiculosum” introduced in Yamamoto (1959)
very probably refer to hyphal strands and not conidiophores since
these are often hardly distinguishable from hyphae or hyphal
strands.
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61. Cladosporium fusicladiiformis Gonz. Frag., Trab. Mus.
Nac. Ci. Nat., Ser. Bot. 10: 188. 1916. Figs 130, 131.

Holotype: Spain, near Dos Hermanas, Sevilla, on living leaves of
Eriobotrya japonica (Rosaceae), 22 Mar. 1915, Gonzales-Fragoso
(MA 06413).

Lit.. Gonzéles-Fragoso (1927: 205), Saccardo (1931: 795),
Schubert (2005b: 77-79).
IlI.: Schubert (2005b: 78, fig. 29, pl. 14, figs A-G).

In vivo: On living leaves, leaf spots amphigenous, numerous,
scattered, rarely somewhat oblong, up to 8 mm diam, later
confluent, later pale greyish brown by the detached cuticle, margin
indefinite or surrounded by a narrow, dark brown margin. Colonies
mostly hypophyllous, in small tufts, loosely scattered over leaf
spots, filiform, brown, villose. Mycelium internal, subcuticular to
intraepidermal, sometimes also external, growing superficially,
occasionally growing in leaf hairs; hyphae branched, (1-)2-
5(-7) um wide, septate, often with swellings and constrictions,
subhyaline, pale to pale medium brown or somewhat yellowish
brown, smooth, walls somewhat thickened. Stromata usually well-
developed, substomatal, occasionally intraepidermal, 20-50 ym
diam, few layers deep, composed of swollen hyphal cells, more
or less subglobose, 3—-11 um diam, medium brown or somewhat
yellowish brown, smooth, thick-walled. Conidiophores dimorphic,
fasciculate, usually in small loose fascicles (up to 10), arising from
stromata, mostly emerging through stomata, sometimes erumpent
through the cuticle, erect, more or less flexuous, cylindrical-oblong
to filiform, shorter conidiophores geniculate-sinuous, unbranched
or branched, 20-300 x 3-6.5(-8) um, sometimes nodulose, with
small intercalar swellings, up to 7 ym diam, attenuated towards
the apex and slightly swollen at the base, up to 10 pym wide,
pluriseptate, sometimes slightly constricted at the septa, medium
brown, paler towards the apex, sometimes subhyaline at the apex,
smooth to somewhat asperulate, especially in the lower part, thick-
walled, often distinctly two-layered, 0.5-1.5 pm wide, walls thinner
towards the apex, occasionally enteroblastically proliferating, cell
structure apparently distoseptate, with protoplasm aggregated
near the septa and a paler cavity in the centre of the cells; second
type of conidiophores shorter, narrower and paler, solitary, arising
from superficially growing hyphae or swollen hyphal cells, erect,
more or less straight, unbranched, 8-45 x 2-4 um, septate, pale
olivaceous, smooth, walls somewhat thickened, not distinctly two-
layered. Conidiogenous cells integrated, terminal and intercalary,
cylindrical-oblong, 5-30 um long, proliferation sympodial, with few
to numerous, sometimes crowded conidiogenous loci, sometimes
situated on small lateral shoulders or intercalar and terminal
swellings, but not confined to them, somewhat protuberant,
truncate and flat to slightly convex, 1-2 pm diam, thickened,
often not darkened, but somewhat refractive. Ramoconidia not
observed. Conidia catenate, in branched chains, obovoid, ellipsoid,
fusiform, subcylin-drical, 3.5-14(-20) x 2.5-6 um, 0-1(-2)-septate,
septa not very conspicuous, sometimes slightly constricted at
the septa, very pale, subhyaline to very pale brown, smooth or
almost so, occasionally minutely verruculose, walls somewhat
thickened, sometimes apparently two-layered, ends rounded or
slightly attenuated, hila more or less protuberant, slightly convex,
0.5-2 um diam, thickened, refractive, sometimes slightly darkened;
microcyclic conidiogenesis sometimes observed.
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Fig. 130. Cladosporium fusicladiiformis (MA 06413). Dimorphic conidiophores and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

Substrate and distribution: On Eriobotrya japonica; Spain.

Notes: In Saccardo (1931), C. fusicladiiformis was discussed as
being similar to Fusicladium eriobotryae, but the latter species, which
proved to be conspecific with F. pomi (Schubert et al. 2003), is quite
distinct by having percurrently proliferating conidiogenous cells and
non-coronate conidiogenous loci. Furthermore, Saccardo (1931)
stated that C. eriobotryae and C. nervisequum, both described on
leaves of Eriobotrya japonica and antedating C. fusicladiiformis,
differ from the latter species. The conidia of C. nervisequum were
described to be oblong, 1-3-septate, longer and abobe all wider,
10-25 x 5-10 ym (Montagne 1857), but type material of the latter
species could not be traced and re-examined. The conidiophores
of C. eriobotryae, neotypified above by a collection from Germany
(Botanical Garden, Berlin), are caespitose, usually unbranched
and short, 20-120 x 3-8 um, and the conidia 1-3(-4)-septate,
verruculose and darker. Dimorphic conidiophores have not been
seen. Most of the other Cladosporium species described on hosts
belonging to the Rosaceae have been excluded from the genus
(Braun et al. 2003, Schubert et al. 2003, Schubert 2005b) or
proved to be synonyms of the widespread C. herbarum and C.
cladosporioides. Cladosporium diaphanum on Photinia glabra is
distinguished by having 0-6-septate, longer and wider conidia and
somewhat wider conidiogenous loci and hila.

Cladosporium apicale on Cycas circinalis and C. ushuwaiense
known from Argentina on Berberis ilicifolia are morphologically
comparable with C. fusicladiiformis but do not possess dimorphic
conidiophores. Furthermore, they deviate in having conidiophores
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Fig. 131. Cladosporium fusicladiiformis (MA 06413). A. Symptoms. B. Overview,
fascicle of conidiophores. C. Dimorphic conidiophores, second type. D. Tip of
a conidiophore. E, G. Conidiophores showing cell structure, with thickened, two-
layered walls and protoplasm aggregated at the septa. F. Conidia. Scale bars = 10
(C-G), 50 (B) pm.

with thicker walls [0.75-3 ym wide in C. apicale; 0.5-2(-3) pm wide
in C. ushuwaiense], the conidia of C. apicale are 0-3-septate, and
the conidia of C. ushuwaiense differ in being usually verruculose.

62. Cladosporium fusiforme Zalar, de Hoog & Gunde-
Cimerman, Stud. Mycol. 58: 169. 2007. Fig. 132.

Holotype: Slovenia, Secovlje salterns, isol. from hypersaline water,
Dec. 1999, L. Butinar (CBS H-19732). Ex-type culture: EXF-449
= CBS 119414,

lll.: Zalar et al. (2007: 171, fig. 7).

In vitro: Mycelium sparingly branched, 1-4 um wide, septate, pale to
mediumolivaceous-brown, sometimes subhyaline, minutely verruculose
or smooth, walls unthickened, without extracellular polysaccharide-
like material. Conidiophores solitary, semimacronematous to
macronematous, arising terminally and laterally from hyphae, erect,
straight to slightly flexuous, cylindrical-oblong to filiform, neither
nodulose nor geniculate, unbranched to branched, branches often
only as short denticle-like lateral prolongation just below a septum,
sometimes almost every single cell with a peg-like lateral outgrowth,
often to the same direction, (10-)20-170(-200) x (2-)2.5-3.5(-5) um,
regularly septate with 0-8 septa, not constricted at the often darkened
septa, subhyaline, pale to medium olivaceous-brown, smooth or

3% www.studiesinmycology.org

almost so to asperulate or irregularly rough-walled, walls only slightly
thickened, < 1 um wide, conidiophores often secede at septa forming
ramoconidia and fragments. Conidiogenous cells integrated, terminal
and intercalary, cylindrical-oblong, (11-)15-57 pm long, with 2-3 apical
subdenticulate loci, 1-1.8 ym diam, thickened and darkened-refractive.
Ramoconidia often formed, subcylindrical to cylindrical-oblong, 15-40
x 3-3.5(-4) pm, 0(-1)-septate. Conidia catenate, in branched chains,
branching in all directions, with up to five conidia in the unbranched
part, small terminal conidia obovoid to fusiform, 3.5-5(-6.5) x 2-2.5(-
3) um (av. £ SD: 3.9 £ 0.6 x 2.3 + 0.3), intercalary conidia fusiform to
ellipsoid, 5-8(-9) x 2-3(-3.5) um (av. £ SD: 6.5 + 1.1 x 2.8 + 0.4),
with up to three distal hila, secondary ramoconidia ellipsoid, fusiform
to subcylindrical or cylindrical, (7-)8-24(-31) x (2-)3-3.5(-4) um (av.
+ SD: 14.1 £ 5.5 x 3.2 £ 0.4), aseptate, with 2-3(-4) distal hila, pale
brown, smooth or almost so to minutely verruculose, walls unthickened
or only slightly thickened, attenuated towards apex and base, hila
conspicuous, 0.5-1.8 ym diam, thickened and darkened-refractive;
microcyclic conidiogenesis not occurring.

Culture characteristics: Colonies on PDA reaching 32-46 mm diam
after 1 month, grey-olivaceous to dark herbage-green at margins,
reverse leaden-grey to iron-grey, velvety, margin narrow, feathery,
aerial mycelium sparse, hairy, diffuse, growth flat or sometimes
with elevated colony centre, without prominent exudates. Colonies
on MEA reaching 38 mm diam after 1 month, pale olivaceous to
olivaceous or grey-olivaceous, reverse olivaceous-grey to iron-grey,
velvety to powdery, sometimes felty, margin narrow, white, feathery,
regular, radially furrowed, aerial mycelium sparse, felty, loose, high,
without prominent exudates. Colonies on MEA + 5 % NaCl reaching
28-43 mm diam, olive, granular due to profuse sporulation, slightly
furrowed with flat, olive-grey margin, reverse dark green. Colonies
on OA attaining 53-64 mm diam after 1 month, pale olivaceous to
olivaceous, reverse iron-grey to leaden-grey, velvety to powdery,
margin white, feathery, aerial mycelium absent or sparse, growth
flat, prominent exudates not formed, sporulation profuse on all
media. Maximum tolerated salt concentration: 75 % of tested
strains develop colonies at 20 % NaCl after 7 d, while after 14 d
all strains grow and sporulate. Cardinal temperatures: No growth
at 4 and 10 °C, optimum 25 °C (30-32 mm diam), maximum 30
°C (2-15 mm diam), no growth at 37 °C (from Zalar et al. 2007).

Substrates and distribution: Saprobic, isolated from chicken food
(Canada), hypersaline water (Slovenia) and on chasmothecia of
powdery mildew fungi (USA).

Additional specimens examined: Canada, Saskatchewan, Saskatoon, isol. from
chicken food by Riddell (CBS 452.71). Slovenia, Secovlje saltern, isol. from
hypersaline water (EXF-397). USA, Washington, Seattle, University of Washington
campus, isol. from chasmothecia of Phyllactinia guttata (Erysiphales) on leaves of
Corylus avellana (Betulaceae), 12 Feb. 2004, D. Glawe (CPC 11835).

Notes: This species was treated by Zalar et al. (2007) within the
C. sphaerospermum complex, but differs from other taxa of this
complex in having fusiform terminal conidia and usually unbranched
conidiophores.

63. Cladosporium galii Mutenko, K. Schub. & M. Koztowska,
Mycotaxon 90(2): 272. 2004. Figs 133, 134.

Holotype: Poland, Nizina Pétnocnopodiaska, Biatowieza Forest,
Biatowieza National Park, Forest Compartment 342, Permanent

131



BENSCH ET AL.

Fig. 132. Cladosporium fusiforme (CBS 119414) (from Zalar et al. 2007). A-D. Colony surface grown on PDA (A), OA (B), MEA (C) and MEA plus 5 % NaCl (D) of strains
incubated for 14 d at 25 °C in darkness. E-G. Habit of conidiophores. H-I. Ramoconidia and conidia. E-I. All from 7-d-old SNA slide cultures. A-H, from EXF-449 (ex-type strain);
|, from CBS 452.71. Scale bars = 10 (H-1), 30 (F-G), 100 (E) um.

plot No 40 BSG UW, single collection in oak-linden-hornbeam Lit.: Schubert (2005b: 79-81).

forest (Tilio-Carpinetum), on living leaves of Galium odoratum Ill.: Mutenko et al. (2004: 273, fig. 1), Schubert (2005b: 80, fig. 30,
(Rubiaceae), 26 Sep. 1992, W. Mutenko (LBLM-8459). Isotype: pl. 13, figs D-F).

HAL 1811 F.
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In vivo: On living leaves, distinct leaf spots lacking, but with pale
olivaceous-brown to greyish discolorations. Colonies hypophyllous,
rarely epiphyllous, punctiform, in small tufts, scattered, pale to dark
brown, sometimes almost blackish. Mycelium internal, subcuticular
to subepidermal, immersed; hyphae branched, (3-)4-8(-10) pym
wide, septate, with swellings and constrictions, pale to medium
brown, smooth, walls slightly thickened, forming loose to somewhat
denser stromatic hyphal aggregations. Stromata 37.5-82.5(-100)
um diam, composed of swollen, subcircular, ellipsoid to somewhat
angular-irregular, thick-walled hyphal cells, (5-)7-16(~20) ym wide,
olivaceous to dark brown, smooth. Conidiophores solitary, arising
from hyphae or in loose to dense fascicles arising from stromatic
hyphal aggregations, erumpent through the cuticle or emerging
through stomata, erect, straight or slightly flexuous, unbranched
or rarely branched, 25-280 x (2.5-)4.5-8(-10) ym, septate, but
only few septa (up to four), subhyaline, pale to medium olivaceous-
brown, somewhat paler towards the apex, smooth, sometimes
minutely verruculose at the apex, walls slightly thickened, more
thick-walled near the base, sometimes even two-layered, usually
swollen and somewhat darker at the base, up to 12 ym wide, often
with small, head-like, terminal swellings, up to 8 ym wide, with a
single or several distinct scars at the apex. Conidiogenous cells
integrated, terminal or intercalary, cylindrical or often with small
swellings, 18-80 um long, proliferation sympodial, with a single or
few conidiogenous loci, often situated on swellings but not restricted
to them, protuberant, mostly short cylindrical, (1-)1.5-2.5 pm diam,
somewhat thickened and darkened-refractive. Conidia catenate, in
simple or branched acropetal chains, sometimes solitary, straight to
slightly curved, primary conidia small, obovoid, ellipsoid, 3-7 x 2-4
um, smooth, secondary conidia ellipsoid, fusiform to cylindrical,
6-30(—40) x (2.5-)3-6.5 ym, mostly 0(-2)-, very rarely 3-septate,
not constricted at the septa, subhyaline, very pale to medium
pale brown, smooth to usually minutely verruculose, walls only
slightly thickened, somewhat rounded or attenuated at the ends,
with protuberant hila at one end or both ends, slightly convex,
(0.5-)1-2.5 um diam, well differentiated in a central convex dome,
surrounded by a raised fine rim, thickened, somewhat darkened-
refractive.

Substrate and distribution: On Galium odoratum; Poland.

Notes: Cladosporium pilicola (Saccardo 1892: 602) was described
from France on dry stems of Galium mollugo. Type material of this
species could not be traced, and other collections are unknown.
However, based on the original description, C. pilicola is quite

Fig. 133. Cladosporium galii (HAL 1811 F). Conidiophores and conidia in vivo. Scale
bar = 10 um. K. Bensch del.

distinct from C. galii (probably saprobic; conidiophores branched;
conidia cylindrical, 1-3-septate). Cladosporium cladosporioides
is morphologically close to C. galii, but differs in having narrower,
cylindrical conidiophores, 2-5.5 um wide, without swellings, usually
formed singly, and usually smooth, narrower conidia, 2-5 ym wide.
Nodulose conidiophores are known from some other Cladosporium
species, e.g., C. colocasiae, C. herbarum, C. macrocarpum, C.
oxysporum and C. variabile. The conidia of C. herbarum and C.
variabile are coarsely verruculose and wider. In addition, C. variabile,
confined to Spinacia oleracea, is well-distinguished by forming
tortuose, spirally twisted aerial hyphae. Cladosporium colocasiae,
a common parasite of Colocasia species, has much wider, usually

Fig. 134. Cladosporium galii (HAL 1811 F). A. Conidiophores. B. Conidiogenesis. C. Conidium. Scale bars = 10 (A-C) pm.
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6-9 um broad, smooth conidia, and the widespread saprobic
species C. oxysporum differs in having very long conidiophores, up
to 500 um long or even longer, and smooth conidia.

64. Cladosporium gallicola B. Sutton, Mycol. Pap. 132: 37.
1973. Figs 135-137.

Holotype: Canada, Saskatchewan, 27'S. Meadow Lake, on galls
of Endocronartium harknessii (Cronartiaceae) on twigs of Pinus
banksiana (Pinaceae), 25 May 1967, C. Rentz, WINF (M) 6898e
(IMI 145204).

Lit.: Ellis (1976: 329), Heuchert et al. (2005: 28-33).
Ill.: Sutton (1973: 38-39, figs 17, 18), Ellis (1976: 329, fig. 247),
Heuchert et al. (2005: 29, fig. 8).

In vivo: Colonies on galls and intact as well as empty aecia,
medium olivaceous-brown to dark brown, in loose to dense
fascicles or solitary, spreading to the surrounding tissue of the
host plant, effuse, caespitose, velvety, confluent, affected needles
discoloured, reddish brown. Mycelium immersed and external,
superficial; hyphae branched, 1-4(-8) um wide, cells 7-15 pm
long, often irregularly swollen, 57 um diam, pale to medium brown,
occasionally subhyaline. Stromata hemisphaerical, 45-130 x 30-90
um, composed of subglobose to subangular cells, 4-12 ym diam,
dark brown, smooth. Conidiophores solitary, arising from hyphae,
or mostly formed in loose to dense fascicles, mostly more than 10,
arising from stromata, erumpent, erect, straight to slightly curved,
subcylindrical, 34-260 x (3.5-)6-9 um, at the base up to 10 ym wide,
somewhat attenuated towards the apex, up to 15-septate, usually not
constricted at the septa, medium to dark brown, paler towards the
apex, smooth to faintly verruculose, walls thickened, less thickened
or unthickened towards the apex, occasionally enteroblastically
proliferating, monopodial, usually branched in the upper third,
branchlets 11-43(-65) x 4-5(-7) um, 0-3(-5)-septate, subhyaline to
pale brown. Conidiogenous cells integrated, terminal and intercalary,
subcylindrical or somewhat attenuated towards the tip, 6-35 pm
long, polyblastic, with numerous conspicuous conidiogenous loci
(up to 10 or even more), proliferation sympodial, appearing to be
coarsely verrucose by numerous densely arranged protuberant
conidiogenous scars, loci slightly to conspicuously protuberant,
truncate, denticle-like, somewhat thickened and refractive, 1-3 um
diam, convex dome sometimes indistinct. Ramoconidia lacking.
Conidia usually in branched chains, straight, small terminal conidia
subglobose, obovoid, limoniform, ellipsoid, fusiform to broadly
subcylindrical, 3-17 x 2-6(-7) um, 0(-1)-septate, without any
constrictions, subhyaline to pale brown, smooth, walls thin to
slightly thickened, intercalary conidia and secondary ramoconidia
broadly ellipsoid to subcylindrical, 12-29 x 6-8 pm, 2-3(-4)-septate,
occasionally constricted at the septa, medium brown, smooth, walls
thickened, apex rounded or provided with up to six hila, base rounded
to attenuated, truncate, more or less protuberant, slightly thickened
and refractive, convex dome sometimes not very distinct, (0.5-)1-2.5
um diam; microcyclic conidiogenesis occurring.

Substrates and distribution: On rust fungi (Uredinales); North
America — Cronartium comandrae on Pinus contorta var. latifolia
(Canada, widespread), Endocronartium harknessii on Pinus
banksiana (Canada, widespread), Pucciniastrum goeppertianum
on Abies grandis (USA, WA).
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Fig. 135. Cladosporium gallicola (IMI 145204). Conidiophores, conidiogenous cells
and conidia in vivo. Scale bar = 10 um. B. Heuchert del.

Fig. 136. Cladosporium gallicola (BPI, as “C. peridermiicola”). Dense fascicle of
conidiophores arising from stromata, conidiophores arising from hyphae and conidia
in vivo. Scale bar = 10 um. B. Heuchert del.
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Fig. 137. Cladosporium gallicola (BP!I, as “C. peridermiicola”). A-D. Conidiophores with darkened-refractive conidiogenous loci. E. Dense fascicle of commonly branched
conidiophores. F. Details of scar structure on a conidiophore and secondary ramoconidium. Scale bars = 5 (F), 10 (A-D), 50 (E) pm.

Additional specimens examined: USA, Washington, Metalline Falls, on Peridermium
columnare (= Pucciniastrum goeppertianum) on Abies grandis, 6 Jun. 1930, G.G.
Hedgcock (BPI 427386, deposited as C. peridermiicola in herb.); Sullivan Lake, 9
Jun. 1930, G.G. Hedgcock (BPI 427385); 5 Jul. 1929 (BPI 427383).

Notes: Under light microscopy, the cladosporioid structure of the
conidiogenous loci with distinct central dome and periclinal raised
rim was not quite evident, but SEM (Heuchert et al. 2005, pl. 2, fig.
8) conclusively showed that C. gallicola belongs in Cladosporium s.
str. Strongly branched conidiophores, as described and depicted by
Sutton (1973), could be found in the type collection, but were less
branched in the other specimens examined. Several specimens
deposited at BPI under the herbarium name C. peridermiicola
proved to be identical with C. gallicola. Stromata are present
and the conidia are broadly ellipsoid-subcylindrical, 12-29 x 6-8
pm, 2-3(-4)-septate, occasionally somewhat constricted at the
septa, but otherwise these collections agree well with C. gallicola.
Records of Cladosporium sp. on Cronartium conigenum and C.
coleosporioides from Canada, Alberta, by Powell (1971) possibly
belong to C. gallicola.

65. Cladosporium gamsianum Bensch, Crous & U. Braun,
Stud. Mycol. 67: 49. 2010. Figs 138, 139.

Holotype: South Africa, Pretoria, Walter Sisulu Botanical Garden,
25.706944, 28.229444, isol. from Strelitzia sp. (Strelitziaceae), 17
Feb. 2005, coll. W. Gams, isol. P.W. Crous (CBS H-20434). Ex-type
culture: CBS 125989 = CPC 11807.

Ill.: Bensch et al. (2010: 50, figs 36-37).

In vitro: Mycelium sparingly branched, 1-3.5 um wide, at the base
of conidiophores wider, up to 5 ym wide, septate, subhyaline to pale
olivaceous or pale olivaceous-brown, with age hyphae becoming
dark brown, smooth, sometimes constricted at septa and minutely
verruculose towards the base of conidiophores, walls unthickened,
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Fig. 138. Cladosporium gamsianum (CBS 125989). Conidiophores and conidial
chains in vitro. Scale bar = 10 um. K. Bensch del.

forming ropes. Conidiophores solitary or in small groups of four
or sometimes fasciculate, macronematous, arising terminally and
laterally from hyphae or hyphal ropes, erect, straight or slightly
flexuous, cylindrical-oblong, not geniculate, sometimes slightly
swollen at the apex, sometimes with monopodial rejuvenations
(monopodially proliferating without conidiogenesis) and a single
rather inconspicuous annellation, unbranched, 10-146 x 3-5
um, pluriseptate, sometimes slightly constricted at septa, medium
olivaceous-brown, paler towards or at the uppermost apex, with
age dark brown, more thick-walled and two-layered, walls about
1 um wide, slightly attenuated towards the apex, base sometimes
up to 6.5 um wide. Conidiogenous cells integrated, sympodially

135



BENSCH ET AL.

proliferating, usually terminal, with age intercalary, cylindrical-
oblong, not geniculate, with age slightly swollen, subnodulose at
or towards the apex with loci situated at these lateral shoulders,
9-18 um long, rupturing the outer wall layer around some of the
scars, resulting in a lateral displacement of scars, leaving more
or less conspicuous circumferential annular fringes of the torn
wall, lateral scars in face view conspicuous, flat, non-protuberant
or only slightly so, slightly thickened and darkened, with 1-4 loci
at the apex, with age up to eight loci crowded towards the apex,
loci conspicuous, subdenticulate, 1-1.5(-1.8) um diam, thickened
and darkened-refractive. Conidia catenate, in branched chains,
branching dichotomously or in all directions, narrow, straight, small
terminal conidia obovoid, 3-6 x 1-1.5(-2) um (av. £ SD: 5.0 +
0.9 x 1.4 £ 0.3), aseptate, intercalary conidia fusiform to narrowly
ellipsoid-ovoid, 4.5-12 x 1.5-2.5 ym (av. £ SD: 7.4 £ 2.0 x 1.9
+ 0.4), aseptate, with 1-3(-5) distal hila, secondary ramoconidia
narrowly ellipsoid to subcylindrical, (6-)7-14.5 x (1.2-)1.5-3(-3.5)
pm (av. + SD: 10.3 + 2.4 x 2.6 + 0.6), 0(-1)-septate, sometimes
constricted at the median septum, subhyaline to pale olivaceous
or pale olivaceous-brown, smooth, walls unthickened or almost
so, attenuated towards apex and base, with 1-5 distal hila,
conspicuous, subdenticulate, 0.5-1.5(-1.8) ym diam, thickened
and darkened-refractive; microcyclic conidiogenesis not observed.

Culture characteristics: Colonies on PDA olivaceous-grey to iron-
grey, grey-olivaceous towards margins, somewhat zonate, reverse
olivaceous-grey to greyish-blue, grey-olivaceous towards margins,
woolly-felty, margin white, glabrous, aerial mycelium abundant,
covering almost the whole colony surface, woolly-felty, sometimes
high, growth flat, numerous small or large prominent exudates
formed, sporulation profuse. Colonies on MEA olivaceous-grey,
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Fig. 139. Cladosporium gamsianum (CBS 125989). A-G. Conidiophores and conidial chains. Scale bars = 10 um.

iron-grey or black towards margins, reverse iron-grey, velvety to
woolly, margin white, glabrous, sometimes radially furrowed, aerial
mycelium abundant, covering the whole colony surface, growth low
convex, without prominent exudates, sporulating. Colonies on OA
olivaceous to grey-olivaceous, olivaceous-grey towards margins,
reverse leaden-grey to leaden-black, velvety to powdery, margin
white, narrow, glabrous, aerial mycelium absent or sparse, growth
flat, sporulation profuse.

Substrate and distribution: On Strelitzia; South Africa.

Notes: Cladosporium gamsianum, which is an element of
the C. cladosporioides complex, clustered as a sister to C.
verrucocladosporioides (Bensch et al. 2010, fig. 1, part b) but
formed a separate lineage in all phylogenetic analyses. This
species is unique within the genus Cladosporium by its special
mode of rejuvenation leaving more or less conspicuous annellations
and conspicuous lateral conidiogenous loci that are somewhat
reminiscent of the genus Annellosympodia (McTaggart et al. 2007).

66. Cladosporium gentianae Lobik, Bolezni Rast. 17(3—4):
189. 1928. Figs 140, 141.

Holotype: Russia, on leaves of Gentiana cruciata (Gentianaceae),
15 Sep. 1927 (LE 40527).

Lit.: Shvartsman et al. (1975: 95), Schubert (2005b: 81-83).
Ill.: Lobik (1928: tab. 8, fig. 87), Schubert (2005b: 82, fig. 31, pl. 13,
figs G-J).
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In vivo: On living leaves, leaf sheaths and stems, leaf spots at
leaf margins or starting at leaf margins and extending towards
the mid, sometimes even covering the whole leaf surface, fading,
turning yellowish brown, ochraceous, margin indefinite, somewhat
raised at the border to the healthy leaf tissue, stems yellowish
brownish discoloured, fading. Colonies amphigenous, solitary
or in small tufts, effuse, scattered, loosely to moderately dense,
caespitose, dark brown to blackish. Mycelium internal, subcuticular
to intraepidermal; hyphae conspicuous, sparingly branched, 3.5-11
um wide, septate, sometimes distinctly constricted at the septa,
subhyaline, pale olivaceous to medium olivaceous-brown, smooth
or almost so to minutely verruculose, thick-walled, wall appearing
yellowish, somewhat darker than the lumen and refractive, often
with small to large, subglobose to somewhat irregular oil droplets,
forming hyphal aggregations and stromata. Stromata substomatal
to intraepidermal, small, subglobose, later somewhat flattened,
15-50 um diam, only few layers deep, usually composed of only
few but large swollen hyphal cells, up to 20 um wide, subglobose
to somewhat angular or irregular, medium to medium dark
olivaceous-brown or brown, rarely pale olivaceous-brown, smooth
to minutely verruculose, thick-walled. Conidiophores mostly loosely
fasciculate, with 2-8 per fascicle, arising from stromata, sometimes
solitary, arising from internal hyphae, emerging through stomata or
erumpent through the cuticle, erect, rarely subdecumbent, more or
less straight, cylindrical-oblong, robust, non-nodulose, usually not
geniculate, unbranched, 26-120(-180) x (4-)5-10 um, septate,
not constricted at the septa, dark olivaceous-brown to brown,
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Fig. 140. Cladosporium gentianae (LE 40527). Conidiophores and conidia in vivo.
Scale bar = 10 um. K. Bensch del.

minutely verruculose or somewhat irregularly rough-walled, walls
thickened, usually distinctly two-layered, 1-1.5 ym wide, slightly
attenuated towards the apex, sometimes somewhat swollen at
the base, protoplasm somewhat aggregated near the septa, which

Fig. 141. Cladosporium gentianae (LE 40527). A. Overview, fascicle of conidiophores. B. Conidiophore. C. Conidiophore and conidia. D. Mycelium. Scale bars = 10 (B-D), 20
(A) um.
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appear to be thickened, similar to distoseptation, occasionally
enteroblastically proliferating. Conidiogenous cells integrated,
terminal, occasionally intercalary, 13-36 pm long, proliferation
sympodial, with 1-8 conidiogenous loci, often crowded at the
apex, protuberant, short cylindrical, subdenticulate, 1.5-2(-2.5) ym
diam, thickened, somewhat darkened-refractive. Conidia catenate,
usually in branched chains, straight, subglobose, obovoid, ovoid,
narrowly to broadly ellipsoid to subcylindrical, 3.5-23 x 3-6(-8)
um, 0-1(-2)-septate, septum more or less median, not constricted
at the septa, pale olivaceous-green to olivaceous-brown or brown,
smooth or almost so to verruculose or irregularly rough-walled,
walls thickened, up to 1 ym wide, rarely appearing two-layered,
often with a distinct, clearly delineated lumen, apex rounded or with
up to 4 hila, slightly attenuated towards the base, hila protuberant,
short cylindrical, 1-2 pym diam, thickened, somewhat darkened-
refractive; microcyclic conidiogenesis not observed.

Substrates and distribution: On Gentiana spp. (Gentianaceae),
Europe - Gentiana cruciata (Kazakhstan, Russia).

Notes: Lobik (1928) described and illustrated up to 3-septate
conidia, which could not be observed. Cladosporium gentianae
is the only species in this genus known to attack a member
of the Gentianaceae. The seta-like, non-nodulose, very dark
conidiophores and the conspicuous, often wide hyphae chiefly
characterise this species, defining and distinguishing it from
morphologically allied taxa. Cladosporium episclerotiale known
from galls of Endocronartium harknessii possesses longer
conidiophores, (22-)97-295(-322) pm, with frequently branched
apices and 0-4-septate conidia (Heuchert et al. 2005), and C.
populicola differs in having shorter, obovoid-ellipsoid conidia, 4-14
um long, and narrower hyphae, (2-)3—4.5 ym wide.

67. Cladosporium gerwasiae Heuchert, U. Braun & K.
Schub., Schlechtendalia 13: 31. 2005. Figs 142, 143.

Holotype: Guatemala, Chimaltenango, Tecpan, Xecoxol, “plantation
ex Rubus urticifolius’, N 140°51.8; W 90°59, on Gerwasia sp.
(Uredinales) on leaves of Rubus urticifolius (Rosaceae), G.A.
Alvarez (KR-5684).

Ill.; Heuchert et al. (2005: 32, fig. 10 and pl. 1, fig. 1-2).

In vivo: Hyperparasitic. Colonies confined to epiphyllous sori of
Gerwasia sp. and the surrounding deformed leaf tissue, but not
spreading onto green leaf tissue which is not affected by the rust,
dark olivaceous-brown, visible (at 10-50x) as diffuse to mostly
dense tufts. Mycelium immersed and external, superficial; hyphae
sparingly branched, 2-6 pm wide, septate, often slightly constricted
at the septa, pale brown, smooth, walls slightly thickened or
unthickened. Stromata formed by swollen hyphal cells, subglobose
to somewhat angular, 4-9 um diam, pale to medium brown, walls
slightly thickened. Conidiophores in loose to dense fascicles, arising
from stromata, or solitary, arising from swollen hyphal cells, erect,
straight to curved, cylindrical, unbranched or branched at the base
as well as near the tips, 24-366(-630) x (3-)4-7(-8) um, often
somewhat wider near the base, tips often elongated and narrowed,
only 2.5 ym wide, 1-22-septate, not or only slightly constricted at
the base, pale to medium brown, tips paler, occasionally subhyaline,
smooth, occasionally minutely rough-walled near the base,
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Fig. 142. Cladosporium gerwasiae (KR-5684). Conidiophores in loose to dense
fascicles arising from stromata and conidiophores arising from swollen hyphal
cells, conidiogenous cells, ramoconidia and conidia in vivo. Scale bar = 10 pm.
B. Heuchert del.

pigmented walls thickened, (0.5-)1-1.25 um wide, often distinctly
two-layered towards the base, unthickened and one-layered
above, lumen often distinct, diminished, granular, surrounded by
a wide, colourless to greyish layer (under phase-contrast), giving
a very thick-walled appearance, some cells of the conidiophores
conspicuously attenuated. Conidiogenous cells integrated, terminal
and intercalary, cylindrical, 7-50 um long, polyblastic, proliferation
subtly to markedly sympodial, conidiogenous loci protuberant,
almost denticle-like, more or less thickened, darkened-refractive,
1.5-2.5 ym diam. Ramoconidia 14-26 x 3-5 ym, 0-2(-3)-septate,
base slightly convex, without a coronate hilum, up to 3 pm
wide. Conidia usually in branched chains, ellipsoid, obovoid,
subcylindrical, 4-24 x 2.5-8 um, 0-1(-3)-septate, not or only
slightly constricted at the septa, very pale brown, smooth, external
pigmented wall layer slightly thickened, with phase-contrast
showing a granular lumen surrounded by a distinct hyaline to
greyish layer, giving a thick-walled appearance, apex rounded to
slightly attenuated, with up to four hila, base truncate to convex,
occasionally somewhat attenuated, hila protuberant, more or less
thickened and conspicuously darkened-refractive, 0.5-2.5 pm
diam; microcyclic conidiogenesis occurring.

Substrate and distribution: On Gerwasia sp.; Guatemala.

Notes: This species is easily distinguishable from C. uredinicola
by its obviously fasciculate habit, usually wider conidiophores, 4-7
pm, with thicker, often two-layered walls, (0.5-)1-1.25 um wide.
Colonies of C. uredinicola are effuse, consistently non-fasciculate,
the conidiophores are 2-5 pym wide, thin-walled, 0.5-0.75 um,
and not two-layered. Cladosporium gallicola, also occurring on
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Fig. 143. Cladosporium gerwasiae (KR-5684). A. Tip of a conidiophore with still attached conidia. B. Conidiophores intermixed with uredospores of Gerwasia. C. Overview
showing fasciculate conidiophores and conidia in vivo. D. Conidia. Scale bars = 10 (A-B, D), 50 (C) pum.

rust fungi, differs in having strongly branched conidiophores with
conidiogenous cells which are seemingly coarsely verrucose
by being densely covered with numerous conidiogenous loci.
Cladosporium aecidiicola has verruculose conidia (Heuchert et al.
2005).

68. Cladosporium gleditschiae Cooke, Grevillea 17(83):
66. 1889. Figs 144, 145.

Lectotype (designated here): USA, South Carolina, Aiken, on
legumes of Gleditsia sp. (Fabaceae), Ravenel, Fungi Amer. EXxs.
297 (K 121559). Isolectotype: BPI 426765, NY, PH.

Lit.: Saccardo (1892: 603, 1895: 621).
Exs.: Ravenel, Fungi Amer. Exs. 297.

In vivo: On pods, causing sometimes discolorations or small spots.
Colonies caespitose, effuse, loose to dense, dark olivaceous-brown
to brown or almost blackish, velvety or somewhat crustaceous,
covering large areas of the pod surface. Mycelium internal and
external, superficial, hyphae creeping, branched, 3-5(-6) um
wide, septate, with swellings and constrictions, pale to medium or
even dark brown, smooth to minutely verruculose, thick-walled,
forming extended, dense stromatic hyphal aggregations, swollen
hyphal cells subglobose, 5.5-10 um wide, protoplasm often
aggregated at walls and septa forming a small to somewhat large
cavity in the centre, sometimes forming dense, compact, medium
to dark brown conglomerations. Conidiophores solitary or in loose
groups of 2-3, arising from hyphae or swollen hyphal cells, erect
to subdecumbent, straight to flexuous, often geniculate-sinuous,
non-nodulose, unbranched or branched, 16-105 x (3.5-)4-6 pm,
pluriseptate, sometimes slightly constricted at septa, pale to medium
brown, often somewhat paler towards the apex, smooth or almost
so to minutely verruculose or rugose, thick-walled, often somewhat
swollen at the base, up to 8 um wide, attenuated towards the apex,
protoplasm often aggregated at walls and septa forming a distinct
lumen in the centre, sometimes forming distosepta. Conidiogenous
cells integrated, terminal or intercalary, short cylindrical to oblong,
geniculate-sinuous, 4-18 pm long, proliferation sympodial, with a
single or a few conidiogenous loci, protuberant, subdenticulate, 1-2
um diam, thickened, darkened-refractive. Conidia catenate, in simple
or branched chains, straight, obovoid, broadly ellipsoid, fusiform to
cylindrical, 5-28.5 x 3.5-8.5 ym, 0-3(—4)-septate, sometimes slightly
constricted at septa, rarely with 1-2 additional transversal septa, pale
to medium brown, smooth to minutely verruculose or rugose, walls
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Fig. 144. Cladosporium gleditschiae (K 121559). Conidiophores arising from
swollen hyphal cells, conidia and microcyclic conidiogenesis in vivo. Scale bar =
10 um. K. Bensch del.

slightly thickened, apex rounded or somewhat attenuated towards
apex and base, protoplasm often aggregated at walls and septa
forming a distinct lumen in the centre, hila more or less protuberant,
truncate to slightly convex, 1-2 ym diam, thickened, darkened-
refractive; microcyclic conidiogenesis occurring.

Substrate and distribution: On Gledlitsia sp.; USA.

Notes: The species has also been reported on Gleditsia triacanthos
from Turkmenistan (Koshkelova & Frolov 1973). Cladosporium
vignae, causal agent of the scab, leaf and pod blight on Vigna

and Lespedeza spp., is morphologically comparable but distinct in
having 0—1-septate, narrower conidia (2-6 pm).

69. Cladosporium globisporum Bensch, Crous & U. Braun,

Stud. Mycol. 67: 51. 2010. Figs 146-148.

Holotype: Sweden, isol. from meat stamp, 1986, M. Olsen, No.
M291 (CBS H-20435). Ex-type culture: CBS 812.96.

IIl.: Bensch et al. (2010: 51-53, figs 38-40).
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Fig. 145. Cladosporium gleditschiae (K 121559). A. Conidiophores arising from hyphal ropes. B. Detail of the scar on a conidium. Scale bars = 10 (A), 5 (B) um.

In vitro: Mycelium mainly immersed, sparingly branched, 2-5
um wide, septate, not constricted at septa, pale brown, smooth
to minutely verruculose, walls unthickened. Conidiophores
macro- and micronematous, solitary, arising terminally and
laterally from ascending or plagiotropous hyphae, erect, straight
to slightly flexuous, cylindrical-oblong to filiform, non-nodulose,
sometimes geniculate, unbranched to once branched, branches
as short denticle-like lateral outgrowth, later becoming longer,
17-165 x 3-5 pym, micronematous conidiophores (1-)2-2.5(-3)
um wide, 0-4-septate, cells quite long, not constricted at septa,
septa often darkened, pale to pale medium brown, slightly
paler towards the apex, minutely verruculose, asperulate,
walls unthickened or slightly thickened, up to 1 pm wide.
Conidiogenous cells integrated, often distinctly sympodially
proliferating, terminal, usually non-nodulose, sometimes slightly
geniculate, filiform to cylindrical-oblong, somewhat flexuous,
17-55 um long, with up to three apical loci, sitting close together
at the apex, conspicuous, subdenticulate to denticulate,
(1.2-)1.5-2(-2.2) pm diam, thickened and darkened-refractive.
Ramoconidia cylindrical-oblong, 19-41(-56) x 3-4(-5) um,
0(-2)-septate, base broadly truncate. Conidia catenate, in
densely branched chains, straight to slightly curved, small
terminal conidia globose, subglobose to obovoid, 2.5-6(-8) x
(2.5-)3-4 ym (av. £ SD: 4.5 £ 1.6 x 3.2 £ 0.5), broadly rounded
at the apex, intercalary conidia subglobose, broadly ellipsoid-
ovoid, (4-)5-9(-14) x 3-4(-5) ym (av. + SD: 6.6 £ 2.2 x 3.7
t 0.5), aseptate, with up to 3(-5) distal hila, often distinctly
denticulate, secondary ramoconidia ellipsoid to subcylindrical,
9-25(-30) x (3-)4-5(-6) ym (av. £ SD: 16.6 + 5.6 x 4.3 £ 0.5),
0(-1)-septate, with 3-4 distal hila, sometimes hila not only distal
but also lateral in the middle of the cell, pale brown, smooth
or almost so, under SEM surface reticulate or with somewhat
embossed stripes caused by diminishing turgor and shriveling
of tender young conidia, walls unthickened or only slightly so,
attenuated towards apex and base, hila conspicuous, often
distinctly denticulate, 0.5-2 um diam, thickened and darkened-
refractive; microcyclic conidiogenesis not observed.

Culture characteristics: Colonies on PDA grey-olivaceous to
olivaceous, reverse leaden-grey, velvety to powdery, margin
colourless to white, feathery, aerial mycelium sparse, loose, fluffy,
only few areas covered, growth flat, without exudates, sporulation
profuse. Colonies on MEA grey-olivaceous, pale olivaceous-grey
towards margins, reverse olivaceous-grey, velvety, due to aerial
mycelium several white patches, fluffy, loose to dense, without
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Fig. 146. Cladosporium globisporum (CBS 812.96). Macro- and micronematous
conidiophores, ramoconidia and conidial chains in vitro. Scale bar = 10 ym. K.
Bensch del.

exudates, sporulation profuse. Colonies on OA grey-olivaceous
to pale olivaceous due to profuse sporulation or olivaceous-buff,
reverse leaden-grey to iron-grey, velvety to powdery, glittering due
to numerous small, not very prominent exudates (like little water
drops), margin colourless, feathery, aerial mycelium absent or
sparse, growth flat.

Substrate and distribution: |solated from meat stamp; Sweden.

Notes: Cladosporium globisporum, which clustered in phylogenetic
analyses as a basal sister to C. phyllophilum (Bensch et al. 2010,
fig. 1, part a), is morphologically somewhat intermediate between
the C. cladosporioides and C. sphaerospermum complex. The
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Fig. 147. Cladosporium globisporum (CBS 812.96). A-F. Macronematous conidiophores and conidial chains. Scale bar = 10 pm.

conidiophores are rather C. cladosporioides-like, whereas the
terminal and intercalary globose or subglobose conidia are rather
reminiscent of C. sphaerospermum, although they are smooth and
not verruculose as in the latter species.

70. Cladosporium grech-delicatae Sacc., Ann. Mycol.
11: 564. 1913 [and Nuovo Giorn. Bot. Ital., N.S. 21(1): 125.
1914]. Fig. 149, 150.

Holotype: Malta, Uied Bufula, on still living stems of Ranunculus
aquatilis (Ranunculaceae), Apr. 1913, Doct. Borg (PAD).

Lit.: Saccardo (1931: 794), Schubert (2005b: 83-85).

lll.: Schubert (2005b: 84, fig. 32, pl. 15, figs A-C).

In vivo: On still living stems, forming small oblong patches,
1-3 mm long, 1 mm wide, dark, blackish, sometimes confluent.
Colonies loose to dense, compact, pale to dark brown, villose
to somewhat floccose when well fruiting. Mycelium internal,
subcuticular to intraepidermal; hyphae sparsely branched, 3-8
um wide, septate, sometimes slightly constricted at the septa,
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pale to medium olivaceous-brown or somewhat darker at the
base of conidiophores, sometimes subhyaline, smooth, walls
slightly thickened, sometimes with small swellings, forming
loose to somewhat denser stromatic hyphal aggregations or
plates, occasionally with irregularly lobed cells. Conidiophores
solitary or in small loose groups, but not fasciculate, arising
from hyphae, swollen hyphal cells or from hyphal aggregations,
erumpent through the cuticle, erect to rarely subdecumbent,
straight or almost so to slightly flexuous, cylindrical-oblong to
filiform, usually not geniculate, non-nodulose, unbranched,
sometimes once branched, 40-235 ym long or even longer,
3.5-8(-9) um wide, pluriseptate, sometimes slightly constricted
at the septa, medium to dark olivaceous-brown or brown,
walls thickened, often distinctly two-layered, walls up to 1 pym
wide, smooth to somewhat asperulate or irregularly rough-
walled, slightly attenuated towards the apex, protoplasm of the
cells sometimes aggregated near the septa, appearing to be
somewhat thickened, similar to distoseptation. Conidiogenous
cells integrated, terminal, rarely intercalary, cylindrical-oblong,
14-43 um long, proliferation sympodial, at the apex with few
subdenticulate conidiogenous loci, protuberant, truncate
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Fig. 148. Cladosporium globisporum (CBS 812.96). A-B. Delicately ornamented
conidia showing a somewhat irregularly reticulate surface or slightly embossed
stripes probably caused by diminishing turgor and shriveling of tender young conidia.
C. Conidia, secondary ramoconidia and scars. D. Conidiophore with secondary
ramoconidia. E. Globose ornamented small terminal conidia. F. Running hyphae on
agar and conidia. Scale bars =2 (B, E), 5 (A, C), 10 (D, F) um.

or obconically truncate, 1.5-2(-2.5) pym diam, dome and
surrounding rim sometimes not very conspicuous, somewhat
thickened and darkened-refractive. Ramoconidia ellipsoid,
subcylindrical to cylindrical, 15-23 x 5-7.5 ym, 0(-1)-septate,
pale to medium brown or olivaceous-brown, with few apical
hila, base truncate, 2-3 pm wide, without dome and raised
rim, unthickened. Conidia catenate, usually in branched
chains, subglobose, obovoid, narrowly to broadly ellipsoid or
subcylindrical, (2.5-)5-17 x (2.5-)3.5-6 ym, 0-1-septate, not
constricted at the septa, pale to medium brown or olivaceous-
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Fig. 149. Cladosporium grech-delicatae (PAD). Conidiophores, ramoconidia and
conidia in vivo. Scale bar = 10 um. K. Bensch del.

brown, smooth, walls somewhat thickened, lumen apparently
somewhat distinct, apex often obtuse, rounded or with a single
or few hila, hila truncate to slightly convex, slightly protuberant,
0.5-1.5(-2) pm diam, somewhat thickened and refractive.

Substrate and distribution: On Ranunculus aquatilis (= Batrachium
aquatile); Malta.

Notes: This species is comparable with C. cladosporioides but
distinct in having shorter and wider conidia, wider, thick-walled,
often distinctly two-layered conidiophores and sometimes
irregularly lobed hyphae.

71. Cladosporium grevilleae Crous & Summerell, IMA
Fungus 2(1): 51. 2011. Figs 151, 152.

Holotype: Australia, New South Wales, Mount Annan Botanical
Garden, on leaves of Grevillea sp. (Proteaceae), Aug. 1999, P.W.
Crous & B.A. Summerell JT 974 (DAR 74881). Ex-type cultures:
CPC 2913-2916 = CBS 114271.

lll.: Crous et al. (2011b: 63, figs 2-3).

In vivo: Leaf spots absent. Ascomata occurring in leaf litter,
amphigenous, black, subepidermal, erumpent to superficial,
globose, to 100 ym diam, with central, periphysate ostiole, 10—
15 um diam; wall of 3-4 layers of brown textura angularis. Asci
aparaphysate, fasciculate, bitunicate with fissitunicate discharge,
subsessile, obovoid to broadly ellipsoid, slightly curved, 8-spored,
35-45 x 9-12 pm, with visible apical apiculus. Ascospores tri- to
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Fig. 151. Cladosporium grevilleae (DAR 74881). Asci with ascospores. Ascospores showing sheath, and angular inclusions. Scale bar = 10 ym. P. Crous del.

a0

Fig. 152. Cladosporium grevilleae (DAR 74881). A-B. Asci. C. Ostiolar region (arrowed). D. Ascus with ascospores. Scale bars = 10 pym.
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multi-seriate, hyaline, guttulate with angular inclusions, thick-
walled, straight to slightly curved, fusoid-ellipsoid with obtuse
ends, medianly 1-septate, widest in middle of apical cell, slightly
constricted at the septum, tapering towards both ends, but slightly
more to lower end, (9-)11-12(-13) x 3.5-4(-4.5) um; ascospores
surrounded with a thin sheath when mounted in water, becoming
brown and verruculose with age; ascospore germination with
germ tubes parallel to the long axis of the spore, but distorting
prominently (original spore cells up to 8 ym wide), germinating
with numerous germ tubes, forming dense clusters of hyphae, but
mostly remaining hyaline after 24 h on MEA.

Culture characteristics: Colonies after 2 wk at 24 °C spreading,
reaching 15-20 mm diam. On MEA erumpent, with even, lobed
margins; surface folded, with sparse aerial mycelium, olivaceous-
grey; reverse iron-grey. On OA flat, with sparse aerial mycelium,
and lobed, somewhat feathery margins; surface pale olivaceous-
grey in middle, iron-grey in outer region. On PDA erumpent,
with lobed, feathery margins; surface folded, with sparse aerial
mycelium, grey-olivaceous; reverse iron-grey.

Substrate and distribution: On Grevillea; Australia.

Notes: Cladosporium grevilleae forms only the sexual state of
the life-cycle, i.e., its anamorph was neither observed in vivo nor
formed in vitro. The ascospores are typical of a Cladosporium
teleomorph, having thick walls, and angular inclusions (Aptroot
2006), becoming brown and verruculose with age. Although
four analysed loci supported the association of the species with
Cladosporium, itdid not match any of the Cladosporium sequences
currently available on the GenBank nucleotide database (closest
match on ITS was Davidiella macrospora GenBank EU167591
with 95 % identity, on EF-1a was Cladosporium myrtacearum
GenBank HM148360 with 97 % identity and on ACT it was
Cladosporium iranicum GenBank HM148599 with 89 % identity).
(Crous et al. 2011b).

72. Cladosporium halotolerans Zalar, de Hoog & Gunde-
Cimerman, Stud. Mycol. 58: 172. 2007. Fig. 153.

Holotype: Namibia, isolated from hypersaline water of salterns, 1
Sep. 2000, N. Gunde-Cimerman, isolated by P. Zalar, 1 Oct. 2000
(CBS H-19734). Ex-type culture: EXF-572 = CBS 119416.

Lit: Haubold et al. (1998a), Buzina et al. (2003), Meklin et al.
(2004).
lll.: Zalar et al. (2007: 172, fig. 8).

In vitro: Mycelium party submerged, partly superficial; hyphae
sparingly branched, (1-)2-4 um wide, pluriseptate, septa often
appearing somewhatdarkened, usually not constricted, pale brown
or pale olivaceous-brown, almost smooth or minutely verruculose,
walls unthickened, without extracellular polysaccharide-like
material. Conidiophores micronematous to semimacronematous,
arising laterally and terminally from hyphae, erect, straight to
somewhat flexuous, narrowly cylindrical-oblong, occasionally
slightly geniculate, non-nodulose, micronematous conidiophores
filiform or only as short peg-like or denticle-like lateral outgrowths
of hyphae, usually unbranched, sometimes intercalary with short
lateral denticulate outgrowths just below a septum, 4-150(-300)
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x 2-3.5(-5.5) pm, micronematous conidiophores 1-1.5 pm
wide, 0-3-septate, septa often appearing darkened, sometimes
pluriseptate with septa in short succession, especially towards
the apex, septa not constricted, pale olivaceous-brown, smooth to
minutely verruculose, walls unthickened or almost so, sometimes
forming ramoconidia and fragments. Conidiogenous cells
integrated, terminal or sometimes intercalary, or conidiophores
reduced to conidiogenous cells, cylindrical, 4-18 pum long, usually
neither geniculate nor nodulose, with a single or up to three
protuberant, subdenticulate or denticulate conidiogenous loci,
0.7-1.5(-2) pym diam, thickened and darkened. Ramoconidia 15-
37 x 2-2.5(-3) pym, with up to five septa, base broadly truncate,
about 2 um wide, slightly thickened and somewhat darkened-
refractive. Conidia catenate, in branched chains, conidial chains
branching in all directions, terminal chains with up to nine conidia,
small terminal conidia globose or subglobose, 2-5(-6) x 2-3(-5)
pm (av. £ SD: 3.3+ 0.7 x 2.5 + 0.4), aseptate, intercalary conidia
subglobose, ovoid or ellipsoid, 3.5-9 x (2-)2.5-3 ym (av. £ SD:
6.2+ 1.5x 2.8 +0.2), aseptate, pale to medium brown, minutely
verruculose or verruculose, secondary ramoconidia ellipsoid,
fusiform or cylindrical, 7-25(-31) x 2-3.5(-6.5) um (av. + SD:
16.2 £ 6.1 x 2.5 £ 0.4), 0-3(-4)-septate, mostly 1-septate, not
constricted at septa, septa often somewhat darkened, pale to
medium brown, almost smooth to minutely verruculose, walls
unthickened, slightly attenuated towards apex and base, with up
to four distal hila, hila protuberant, subdenticulate or denticulate,
0.5-1.5(-2) pm diam, thickened and darkened-refractive;
microcyclic conidiogenesis not occurring.

Culture characteristics: Colonies on PDA attaining 27-43 mm
diam after 14 d, olivaceous, grey olivaceous or olivaceous-grey,
reverse olivaceous-grey to leaden-grey or olivaceous-black,
velvety, powdery to felty-wooly, margins white, regular, glabrous
or feathery, aerial mycelium absent or sparse, growth flat with a
somewhat elevated colony centre, without prominent exudates,
sporulation profuse. Colonies on MEA attaining 18-44 mm diam
after 14 d, smoke-grey, pale olivaceous-grey or olivaceous-grey,
sometimes glaucous-grey at margin, reverse olivaceous-grey,
powdery to felty-wooly, margin colourless to white, glabrous or
feathery, colony centre furrowed, aerial mycelium felty, abundant,
covering most of the colony surface, sporulating. Colonies
on MEA + 5 % NaCl 24-48 mm diam, olive, furrowed, velvety,
with more pale, undulate margins, reverse dark green to black.
Colonies on OA reaching 29-40 mm diam after 14 d, smoke-grey
to grey-olivaceous or dark mouse-grey, reverse olivaceous or
olivaceous-grey, velvety to felty, fluffy, margin white, somewhat
feathery, aerial mycelium sparse, diffuse or abundantly formed,
high, dense, whitish, growth flat with papillate surface, sporulation
profuse. Maximum tolerated salt concentration: Only 15 % of
tested strains develop colonies at 20 % NaCl after 7 d, whereas
after 14 d all cultures grow and sporulate. Cardinal temperatures:
No growth at 4 °C, optimum at 25 °C, maximum at 30 °C. No
growth at 37 °C (from Zalar et al. 2007).

Substrates and distribution: Saprobic, isolated from hypersaline
water in subtropical climates, indoor environments, Arctic ice
and biomats, contaminant in lesions of humans and animals,
plants, rock, conifer wood and window frame, from mycorrhizal
roots; probably circumglobal, Africa (Namibia, South Africa),
Arctics, Asia (India, Israel, Turkey), Australasia (New Zealand),
Europe (Belgium, Bosnia and Herzegovina, Denmark, Germany,
Italy, Russia, Slovenia, Spain, Sweden, Switzerland, UK), North
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Fig. 153. Cladosporium halotolerans (CBS 119416) (from Zalar et al. 2007). A-D. Colony surface grown on PDA (A), OA (B), MEA (C) and MEA plus 5 % NaCl (D) of strains
incubated for 14 d at 25 °C in darkness. E-H. Habit of conidiophores. I. Conidiophore. J. Succession of secondary ramoconidia. K. Conidia. E-K. All from 7-d-old SNA slide
cultures. A-B, from EXF-572 (ex-type strain); C-D, from EXF-977; E, G, from EXF-972; F, from EXF-564; H, |, K, from EXF-1072; J, from dH 12862. Scale bars = 10 (I-K), 30
(H), 50 (F-G), 100 (E) um.

America (USA) and Central and South America (Brazi|, Dominican Additional specimens examined: Sine loco, isol. from Citrus, 2007, B. Anderson,
Republic) BA 1701 (CPC 14302). Arctic, isol. from ice (dH 13911 = EXF-2422). Bosnia and

Herzegovina, ston salterns (EXF-944). Brazil, culture contaminant (dH 12862 = EXF-
2533); Fortaleza, isol. from nuts, 18 Jul. 2005, U. Braun (CPC 12224). Denmark,
isol. from water, 2006, B. Anderson, V 2515 (CPC 13641); Bronshoy, isol. from indoor
environment, wall over a door frame, old water damage, 2000, B. Anderson, BA 1727
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(CPC 14366). Dominican Republic, salterns (EXF-698); salt lake Enriquilio (EXF-
703). India, isol. from Musa sp. (Musaceae), 25 Oct. 2004, M. Arzanlou (CPC 11615).
Israel, Dead Sea, isol. from hypersaline water (EXF-1072). Namibia, salterns (EXF-
565, EXF-567, EXF-571). New Zealand, Auckland, Mount Albert, isol. from leaf litter,
20 Jun. 2005, C.F. Hill (CPC 12316, stored as C. sphaerospermum); Coromandel,
Hahai, isol. from leaf lesions on Ficus benjamina (Moraceae), 28 Sep. 2005, C.F. Hill,
Hill 1259 (CPC 12479). Russia, Moscow region, isol. from Aureobasidium caulivorum
(CBS 573.78). Slovenia, bathroom (EXF-972, EXF-977); Secovlje salterns (EXF-228
= MZKI B-840; EXF-380; EXF-2372). South Africa, Bethal, isol. from thatch, 2002,
CAMS 000863 (CPC 13997); Durban, isol. from thatch, 2002, CAMS 000825 (CPC
13996). Spain, Santa Pola salterns (EXF-646). Turkey, isol. from brain (dH 12991 =
EXF-2535). UK, isol. from laboratory air (CBS 191.54).

Notes: This species, which according to Zalar et al. (2007) probably
prefers (hyper)osmotic ecological niches, is morphologically close
to C. sphaerospermum. Its distribution is insufficiently known, but
based on the recorded collections from various indoor habitats and
as a culture contaminant in different parts of the world (Zalar et al.
2007), C. halotolerans is possibly cosmopolitan.

73. Cladosporium haplophylli (Vasyag. & Tartenova) J.C.
David, Mycol. Pap. 172: 85. 1997. Fig. 154.

Basionym: Heterosporium haplophylli Vasyag. & Tartenova, Krypt.
Fl. Kazakhst. 8(2): 164. 1975.

Holotype: Kazakhstan, Chimkentskaya Oblast, southern Kyzyl-
Kum desert, on Haplophyllum latifolium (Rutaceae), 10 Jun. 1957,
M.A. Tartenova (probably not preserved). Paratype: Kazakhstan,
Chimkentskaya Oblast, Talasskii Alatau, Zapovednik Aksu-
Dzhabagly, river Aksu, on Haplophyllum latifolium, 23 Jul. 1968,
M.P. Vasyagina (AA).

IIl.: David (1997: 87, fig. 20).

In vivo: Leaf spots amphigenous, elliptical-subcircular, often at
the tips of the leaves or marginal, 1-4(-~5) mm wide, pale beige to
medium brown, occasionally with a narrow somewhat raised margin,
surrounded by a diffuse yellowish halo. Colonies amphigenous,
mainly hypophyllous, punctiform, scattered to dense, dark brown.
Mycelium immersed. Stromata lacking, only with single swollen
hyphal cells, 4-18 um diam, or small aggregations of swollen
hyphal cells, 10-40 um diam, brownish. Conidiophores solitary
or in small groups or fascicles, arising from single swollen hyphal
cells or cell aggregations, erumpent, erect, straight, subcylindrical
to usually narrowed towards the apex, barely to slightly geniculate-
sinuous, unbranched, 8-40 x 4-10 um, aseptate, pale to medium
yellowish brown or brown, wall thin, < 1 um, smooth to faintly rough-
walled; conidiophores usually reduced to conidiogenous cells, with
1-2(-3) conidiogenous loci, conspicuously coronate, 2-3 um wide
and 1 pm high. Conidia solitary or in short chains, ramoconidia
lacking, ellipsoid-ovoid, obovoid, pyriform, subcylindrical, 15-30 x
8-12(-13) um, 0-2-septate, pale to medium olivaceous-brown or
brown, wall thin, <1 um, densely verruculose or verrucose, ends
broadly rounded or somewhat attenuated, with a single coronate
hilum, 1-2.5 um diam.

Substrates and distribution: On Haplophyllum spp. (Rutaceae),
Central Asia — H. acutifolium (Turkmenistan), H. Ilatifolium
(Kazakhstan).

Additional specimen examined: Turkmenistan, Maryskaya Oblast, Badkhyzskii
Zapovednik, Urochishche Er-Oilan-Duz, on Haplophyllum acutifolium, 20 Apr. 1978,
V.A. Mel'nik (IMI 269572, LE).
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Fig. 154. Cladosporium haplophylli (IMI 269572). Conidiophores and conidia in vivo.
Scale bar =10 um. U. Braun del.

Notes: This is a leaf-spotting phytopathogenic fungus, well-
characterised by having very short, aseptate conidiophores, arising
from basal swollen hyphal cells, and large, above all rather broad,
densely verruculose-verrucose conidia.

74. Cladosporium heleophilum J.C. David, Mycol. Pap.
172: 80. 1997. Fig. 155.

Holotype: USA, Washington, Seattle, on Typha latifolia (Typhaceae),
26 Aug. 1912, E. Bartholomew, Bartholomew, Fungi Columb. 4407
(K). Isotypes: Bartholomew, Fungi Columb. 4407.

Ill.: David (1997: 62, fig. 17 J-L).
Exs.: Bartholomew, Fungi Columb. 4407; Krieger, Fungi Saxon.
Exs. 2091 p.p.

In vivo: Saprobic on dead leaves. Colonies effuse or forming
small, brown, punctiform to oblong speckles on the leaf surface
composed of conidiophore tufts, often arranged in a line alongside
furrows in the leaf. Mycelium immersed; hyphae forming loose
stromatic aggregations, sometimes erumpent through the
cuticle. Conidiophores usually fasciculate, occasionally solitary,
erect, straight, subcylindrical to moderately geniculate-sinuous,
unbranched, 30-120 x 4-6 um, septate, pale olivaceous-brown
to medium brown, sometimes paler towards the apex, wall thin to
slightly thickened (< 1 um), smooth or almost so, cells occasionally
with distinct lumen, protoplasm aggregated at the septa, which
appear to be thickened. Conidiogenous cells integrated, terminal
and intercalary, sympodially proliferating, slightly to moderately
geniculate-sinuous, 10-30 pm long, usually with 1-4 distinctly
coronate conidiogenous loci, somewhat protuberant, 1.5-2 pym
diam. Conidia in simple or branched chains, elongate-ellipsoid to
cylindrical, short conidia sometimes ellipsoid-ovoid, 8-30(-35) x
(3-)4-6(=7) pum, 0-3(-5)-septate, usually without any constrictions,
septate conidia and secondary ramoconidia 12-30 pum long, pale
olivaceous to olivaceous-brown, thin-walled, almost smooth to
usually verruculose, ends obtuse to slightly attenuated, hila 1-2 pm
diam, distinctly coronate, slightly protuberant, somewhat thickened
and darkened-refractive; microcyclic conidiogenesis not observed.

Substrates and distribution: On dead leaves of Typha latifolia
(Typhaceae) — Europe (Germany, Latvia, UK), North America
(USA, WA).
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Fig. 155. Cladosporium heleophilum (K). Fascicle of conidiophores, conidiogenous
cells and conidia in vivo. Scale bar = 10 um. U. Braun del.

Additional specimens examined: Germany, Mittelfranken, on Typha sp., 11 Oct.
1902, Zahn (HBG); Saxony, Ostrau near Schandau, on Typha latifolia, Jul. 1901/
Oct. 1904, Krieger, Fungi Saxon. Exs. 2091 (HAL, as Cladosporium typharum
mixed with C. macrocarpum); ex “Station fir Pflanzenschutz zu Hamburg”, on Typha
latifolia, June 1903, without exact locality and collector (HBG). Latvia, Vidzeme,
Vestiena, on Typha latifolia, 20 Jul. 1933, K. Starcs (M-0057703).

Notes: This species, which is only known from a few herbarium
samples, is insufficiently known. It is undoubtely a saprobic
fungus. The size of the conidiophores and, above all, the width of
the conidia remind one of Cladosporium allicinum, but the latter
species differs from C. heleophilum in having distinctly nodulose
conidiophores. Cladosporium heleophilum belongs to a group of C.
herbarum-like species, but it is distinguished from the C. herbarum
complex by their non-nodulose conidiophores. Within this group of
species, C. heleophilum resembles C. antarcticum, isolated from
a lichen, and the saprobic C. subtilissimum. The latter species
is, however, distinct by having numerous small, usually narrowly
obovoid, limoniform to fusiform conidia and somewhat narrower,
usually 0-1-septate secondary ramoconidia. The conidiophores
of C. antarcticum are usually distinctly geniculate, with numerous,
often crowded, denticle-like conidiogenous loci. The differentiation
between C. heleophilum and allied species, above all C.
subtilissimum, is rather difficult and only tentative, since David’s
species is not yet known in vitro.
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A collection on necrotic patches on Rosa sp. (Brazil, State
of Ceara, Sao Benedito City, 30 Oct. 2001, F. Freire, HAL)
agrees morphologically well with C. heleophilum [conidiophores
fasciculate, 20-70 x 2-6 pm, geniculate; conidia in branched
chains, obovoid, ellipsoid to cylindrical, (6-)10-25 x 3-6(-7) um,
0-3-septate, almost smooth to verruculose].

75. Cladosporium heliotropii Erikss., Bot. Centralbl. 47:
299, 1891 and Fungi Paras. Scand. Exs., Fasc. 8, No. 396.
1891. Figs 156-158.

Lectotype (designated here): Sweden, Stockholm, Rosendal,
on leaves of Heliotropium arborescens (= H. peruvianum)
(Boraginaceae), 1882, J. Eriksson, Erikss., Fungi Paras. Scand.
Exs. 396 (BPI 426853). Isolectotypes: Erikss., Fungi Paras. Scand.
Exs. 396 (e.g. HAL, HBG).

Lit.: Saccardo (1892: 602), Ferraris (1914: 884), Schubert (2005b:
85-87).

Ill.; Schubert (2005b: 86-87, figs 33-34, pl. 16, figs A-F).

Exs.: Eriksson, Fungi Paras. Scand. Exs. 396.

Invivo: On living leaves, forming pale to dark brown, dense patches.
Colonies epiphyllous, punctiform, scattered, caespitose, pale
brown to olivaceous-brown, floccose-villose. Mycelium external,
superficial; hyphae branched, septate, at first 3-6 um wide, later
distinctly swollen and often constricted at the septa, up to 10 um
wide or even wider, almost subhyaline or pale olivaceous, later pale
olivaceous to medium brown or somewhat reddish brown, smooth
or almost so to irregularly rough-walled, rugose, walls slightly to
distinctly thickened, sometimes even two-layered, protoplasm
of the cells often aggregated at the septa, olivaceous-yellowish,
refractive and somewhat granular, surrounding walls much paler,
sometimes almost hyaline, sometimes with distinct lumen in the
centre, hyphae aggregated, forming loose to dense superficial,
stromatic hyphal aggregations. Stromata lacking. Conidiophores
solitary, arising from external, creeping hyphae, swollen hyphal
cells or stromatic hyphal aggregations, lateral or terminal, often
also formed secondarily (microcyclic conidiogenesis), arising from
swollen conidia, erect, straight to flexuous, narrowly cylindrical-
oblong or filiform, sometimes growing like and confusable
with hyphae, usually not geniculate, sometimes subnodulose,
unbranched or branched, 5-150(-210) x (2-)3-6 um, septate,
sometimes slightly constricted at the septa, almost hyaline,
subhyaline to pale olivaceous-brown, smooth or almost so,
sometimes asperulate, walls somewhat thickened, cell structure
similar to hyphae, protoplasm distinct, clearly delineated from the
inner wall, sometimes with distinct, irregular lumen in the centre,
sometimes appearing to be distoseptate. Conidiogenous cells
integrated, mostly terminal, occasionally intercalary, cylindrical,
8-32 um long, proliferation sympodial, with 1-3 conidiogenous loci,
often near the apex, sometimes situated on small lateral shoulders
or unilateral swellings, protuberant, subdenticulate, 1-2 um diam,
thickened, refractive to somewhat darkened. Conidia catenate, in
unbranched or branched chains, subglobose, obovoid, ellipsoid,
fusiform to subcylindrical, occasionally cylindrical, 4-20(-25) x 37
um wide, 0-1(-3)-septate, sometimes slightly constricted at the
septa, pale olivaceous or pale olivaceous-brown, smooth or almost
so to minutely verruculose, walls more or less thickened, with age
becoming distinctly swollen, longer and wider, up to 12 um or even
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Fig. 156. Cladosporium heliotropii (BP1 426853). Conidiophores and conidia in vivo. Scale bar = 10 ym. K. Bensch del.

wider, pluriseptate, often constricted at septa, sometimes with a
single longitudinal septum or a single distoseptum, thick-walled,
sometimes even two-layered, smooth to verruculose, sometimes
confusable and only barely distinguishable from swollen hyphae,
cell structure similar to hyphae and conidiophores, hila protuberant,
1-2 um diam, thickened, refractive to somewhat darkened;
microcyclic conidiogenesis often occurring.

Substrates and distribution: On Heliotropium spp. (Boraginaceag);
Europe, North America — Heliotropium arborescens (Sweden; USA,
AK), Heliotropium sp. (USA, AK).

Additional specimens examined: USA, Alaska, Sitka, on Heliotropium sp., 1 Nov.
1914, J.P. Anderson, Alaska Fungi 144 (BPI 426850, BPI 426851) and Alaska Fungi
159 (BPI 426849, BPI 426852).

Notes: Some collections on Heliotropium sp. from Alaska housed
at BPI were examined and proved to be conspecific with C.
heliotropii. They agree well with the latter species in forming an
external mycelium giving rise to solitary conidiophores, having
conidiophores and conidia with agreeing morphology and
showing the same cell structures as described above. They vary
in having longer conidiophores (up to 210 pm long), longer and
more frequently septate [0-3(-5) septa] conidia and occasionally
somewhat wider conidiogenous loci and hila (up to 3 pum diam).
Old, swollen conidia could only occasionally be observed, whereas
in the type material they were common. Ferraris (1914) recorded
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Fig. 157. Cladosporium heliotropii (BP1 426851). Conidiophores and conidia in vivo.
Scale bar =10 um. K. Bensch del.

and described a single collection from ltaly (ltaly, near Turin, in a
garden, on leaves of Heliotropium peruvianum, P.Voglino) indicating
that C. heliotropii is probably more common and widespread than
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Fig. 158. Cladosporium heliotropii (BPI 426853 and HBG). A, D. Conidiophores with still attached conidia. B. Conidiophore arising from superficially growing hyphae. C, E.

Conidiophores and old swollen conidia. F. Small conidia. Scale bars = 10 (A-F) pm.

given under “Substrate and distribution”. Furthermore, he stated
that the conidia rapidly germinated in water, so that infections of
leaves above all occurred under humid conditions. French (1989)
reported this species from California, USA.

The phenomenon that conidia are become distinctly swollen,
larger and wider, pluriseptate and thick-walled with age, giving rise
to secondary conidiophores, is also known from C. dracaenatum,
but this species differs from C. heliotropii in having fasciculate,
mildly to distinctly geniculate-sinuous conidiophores arising from
true, substomatal to intra-epidermal stromata, and cells with distinct
lumina, as described above, were not observed.
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76. Cladosporium herbaroides K. Schub., Zalar, Crous &
U. Braun, Stud. Mycol. 58: 120. 2007. Figs 159-161.

Holotype: Israel, Eilat salterns, isolated from hypersaline water,
2004, N. Gunde-Cimerman, isol. M. Ota (CBS H-19858). Isotype:
HAL 2025 F. Ex-type culture: CBS 121626 = EXF-1733 = CPC 12052.
Ill.: Schubert et al. (2007b: 121-123, figs 13-15).

In vitro: Mycelium branched, (1-)2-8 um wide, septate, often with
small swellings and constrictions, subhyaline to pale brown or pale
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Fig. 159. Cladosporium herbaroides (CPC 12052). Macro- and micronematous
conidiophores and conidia in vitro. Scale bar = 10 um. K. Bensch del.

olivaceous-brown, smooth or almost so to somewhat verruculose,
walls unthickened or almost so. Conidiophores macronematous
and micronematous, arising lateral from plagiotropous hyphae or
terminally from ascending hyphae. Macronematous conidiophores
erect, straight to slightly flexuous, often geniculate, nodulose, with
unilateral or multilateral swellings, often numerous swellings in
short succession giving them a gnarled appearance, often forming
somewhat protruding or prolonged lateral swellings or a branch-
like prolongation below the terminal swelling (due to sympodial
proliferation), unbranched or sometimes branched, 30-230 pm
long or even longer, 3-5 ym wide, swellings 5-8 um wide, septate,
not constricted at septa, pale to medium olivaceous-brown,
smooth or almost so, walls slightly thickened. Conidiogenous cells
integrated, terminal or intercalary, cylindrical, usually nodulose to
nodose forming distinct swellings, sometimes geniculate, 15-55
pm long, with numerous conidiogenous loci usually confined to
swellings or situated on small lateral shoulders, sometimes on the
top of short peg-like prolongations or denticles, loci protuberant,
1-2 pm diam, thickened and darkened-refractive. Micronematous
conidiophores much shorter, narrower, paler, neither nodulose nor
geniculate, arising laterally from plagiotropous hyphae, often only
as short lateral denticles or branchlets of hyphae, erect, straight,
conical to cylindrical, unbranched, 3-65 x 2-3 um, mostly aseptate,

"“--. b e e

Fig. 160. Cladosporium herbaroides (CPC 12052). A-B, D. Macronematous conidiophores. C. Conidial chain. E. Micronematous conidiophore. F. Microcyclic conidiogenesis.

G. Conidia formed by micronematous conidiophores. Scale bars = 10 um.
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Fig. 161. Cladosporium herbaroides (CPC 12052). A. Overview of the growth characteristics of this fungus. Broad hyphae run over the surface of the agar, and possibly give rise
to conidiophore branches. The conidiophores of this fungus can be rather long, resembling aerial hyphae. Clusters of conidia are clearly visible in this micrograph. B. The very
wide surface hyphae can anastomose. C. Conidiophore with secondary ramoconidia and conidia. Note the variation in scar size. D. A very elaborate, complex conidiophore with
different scars of variable size, one being more than 2 ym wide! E. Details of secondary ramoconidia and hila. Note the rather strong ornamentation in which smaller “particles”
are between larger ones. F. Three conidia in a row. Note the scar formation in the chain and the reduction of the size of the cells throughout the spore-chain. The inset shows
the resemblance of the scars on a conidiophore and on a secondary ramoconidium. Scale bars = 2 (F), 5 (D-E), 10 [B-C, F (inset)], 50 (A) um.

sometimes up to five septa, subhyaline, smooth, walls unthickened.
Conidiogenous cells integrated, terminal or conidiophores reduced
to conidiogenous cells, conidiogenous loci solitary or sometimes
as sympodial clusters of pronounced denticles, protuberant, 1-1.5
pm diam, thickened and somewhat darkened-refractive. Conidia
polymorphous, two main morphological types recognisable, formed
by the two different types of conidiophores, conidia formed by
macronematous conidiophores catenate, in branched chains,
straight to slightly curved, subglobose, obovoid, limoniform,
ellipsoid to cylindrical, 3-33 x (2-)3-6(-7) um [av. £ SD, 14.5
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(£ 79) x 52 (£ 1.2) pm], 0-2(-3)-septate, sometimes slightly
constricted at septa, septa median or somewhat in the lower
half, pale to medium olivaceous-brown, verruculose to verrucose
(granulate under SEM), walls slightly thickened, with up to three
rarely four distal scars, with age becoming medium or even dark
brown (chocolate brown), wider and more thick-walled, 5.5-33 x
(3.5-)5-9(-11) um[av. £ SD, 14.4 (£ 6.9) x 7.2 (+ 1.9) um], walls up
to 1 pm thick, hila protuberant, 0.8-2(-2.5) ym diam, thickened and
darkenedrefractive; microcyclic conidiogenesis occurring. Conidia
formed by micronematous conidiophores paler and narrower,
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mostly formed in unbranched chains, sometimes in branched chains
with up to three distal hila, straight to slightly curved, limoniform,
narrowly fusiform, almost filiform to subcylindrical, 10-26(-35) x
2-3.5umJav. + SD, 15.6 (£ 6.2) x 2.9 (+ 0.5) ym], 0-1(-3)-septate,
subhyaline to pale brown, almost smooth to minutely verruculose,
walls unthickened, hila protuberant, 1-1.5 um diam, thickened and
somewhat darkened-refractive.

Culture characteristics: Colonies on PDA attaining 23 mm diam
after 14 d at 25 °C, grey-olivaceous to olivaceous, olivaceous-grey
reverse, velvety, margin regular, entire edge, narrow, feathery, aerial
mycelium abundantly formed, loose, with age covering large parts
of the colony, woolly, growth flat with somewhat elevated colony
centre, folded, regular, deep into the agar, with few prominent
exudates, sporulation profuse. Colonies on MEA attaining 24 mm
diam after 14 d at 25 °C, grey- to greenish olivaceous, olivaceous-
grey or iron-grey reverse, velvety to powdery, margin narrow,
colourless, entire edge, somewhat feathery, aerial mycelium pale
olivaceous-grey, sparse, growth convex, radially furrowed, folded
in the colony centre, without prominent exudates, sporulating.
Colonies on OA attaining 23 mm diam after 14 d at 25 °C, grey-
olivaceous, margin more or less regular, entire edge, colourless,
somewhat feathery, aerial mycelium whitish to smoke grey, at
first sparse, later more abundantly formed, growth flat, without
exudates, sporulation profuse.

Substrates and distribution: 1solated from hypersaline water; Israel,
but probably more widespread (see “notes”).

Notes: Cladosporium herbaroides belongs to the C. herbarum
complex but is distinguished by having somewhat longer conidia
becoming wider, darker and even more thick-walled with age [at first
conidia 3-33 x (2-)3-6(-7) um, with age (3.5-)5-9(-11) pm wide]
and by forming a second conidial type formed on micronematous
conidiophores, giving rise to unbranched conidial chains which
are almost filiform, limoniform, narrowly fusiform to subcylindrical,
much narrower and paler than the ones formed by macronematous
conidiophores, 10-26(-35) x 2-3.5 um (Schubert et al. 2007b).

Two old herbarium collections morphologically well agreeing
with C. herbaroides have been examined [Germany, Hannover,
Nordstemmen, on old leaves of Populus sp., 12 Sep. 1883,
Eichelbaum (HBG); Germany, Bavaria, Frankische Schweiz,
Jura, Hirschbach, on necrotic leaf spots caused by a coelomycete
(Phyllosticta or Septoria), on Rhamnus cathartica, Sep. 1904, Zahn
(HBG)].

71. Cladosporium herbarum (Pers. : Fr.) Link, Ges. Naturf.
Freunde Berlin Mag. Neuesten Entdeck. Gesammten Naturk.
7: 37.1816: Fr., Syst. mycol. 3(2): 370. 1832. Figs 162-165.
Basionym: Dematium herbarum Pers., Ann. Bot. (Usteri) 11: 32.
1794 : Fr., Syst. mycol. 3(2): 370. 1832.
= Acladium herbarum (Pers.) Link, Ges. Naturf. Freunde Berlin Mag.
Neuesten Entdeck. Gesammten Naturk. 3: 12. 1809.
Byssus herbarum (Pers.) DC., Fl. frang., Ed. 3, 5: 11. 1815, as “Bissus”.

Dematium vulgare Pers., Mycol. eur. 1: 13. 1822, nom. superfl.
Dematium vulgare a herbarum (Pers.) Pers., Mycol. eur. 1: 13. 1822.

Lectotype (selected by Prasil & de Hoog 1988): Sine loco, sine
dato, ex herb. Persoon (L 910.225-733). Epitype (designated by
Schubert et al. 2007b): Netherlands, Wageningen, isolated from
Hordeum vulgare (Poaceae), 2005, PW. Crous (CBS H-19853).
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Fig. 162. Cladosporium herbarum (RO, holotype of the teleomorphic state Davidiella
tassiana). Ascus and ascospores in vivo. Scale bar = 10 um. P.W. Crous del.

Fig. 163. Cladosporium herbarum (CPC 11600). Macro- and micronematous
conidiophores and conidia in vitro. Scale bar = 10 um. K. Bensch del.

Isoepitype: HAL 2022 F. Ex-epitype culture: CBS 121621 = CPC
12177-12179, 12181, 12183.
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Fig. 164. Cladosporium herbarum (CPC 11600), anamorphic and teleomorphic states (from the host and CPC 12181). A-B. Macronematous conidiophores. C. Micronematous
conidiophore. D. Microcyclic conidiogenesis. E. Conidial chain. F. Ascomata on the leaf. G. Ascomata formed in culture on nettle stems. H-I. Asci on the host. J-K. Ascospores
in culture. L. Asci in culture. Scale bars =10 (A, E, H, J-L), 200 (F-G, I) ym.

= Dematium epiphyllum Pers., Syn. meth. fung. 2: 695. 1801 [type: L 910.225-
646].
Cladosporium epiphyllum (Pers.) Nees, Syst. Pilze 1: 67. 1817.
Cladosporium epiphyllum (Pers.) Link, in Willd., Sp. pl. 6(1): 42. 1824.
Chloridium epiphyllum (Pers.) Chevall., FI. gén. env. Paris 1: 35. 1826.
Cladosporium epiphyllum (Pers.) Fr., Syst. mycol. 3(2): 370. 1832.
= Dematium herbarum y fungorum Pers., Syn. meth. fung. 2: 699. 1801 [type:
L 910.225-732).
Dematium vulgare y fungorum (Pers.) Pers., Mycol. eur. 1: 14. 1822.
Cladosporium herbarum B fungorum (Pers.) Chevall., FI. gén. env.
Paris 1: 36. 1826.
= Cladosporium fungorum (Pers.) Roum., Fungi Sel. Gall. Exs., Cent. 33,
No. 3293. 1885, as “Pers.”.
= Dematium epiphyllum B chionanthi Pers., Mycol. eur. 1: 16. 1822 [holotype:
L 910.255-872 = L 0115833].
= Cladosporium epiphyllum B chionanthi (Pers.) Link, in Willd., Sp. pl.
6(1): 42. 1824.
= Dematium fuscum Pers., Mycol. eur. 1: 16. 1822 [type: L 910.225-720].
= Cladosporium fuscatum Link, in Willd., Sp. pl. 6(1): 41. 1824, non C.
fuscum Link, 1824.
= Botrytis pulvinata Link, in Willd., Sp. pl. 6(1): 61. 1824 [holotype: B
700006764].
= Cladosporium typharum Desm., PI. Crypt. N. France, Ed. 1, Ser. 2, Fasc. VII,
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No. 304. 1828 [syntypes: e.g., K, PC].
= Cladosporium sparsum Schwein., Trans. Amer. Philos. Soc., N.S., 4(2): 277.
1832 [syntypes: PH 1020413-1020414].
= Cladosporium typhae Schwein., Trans. Amer. Philos. Soc., N.S., 4(2): 277.
1832 [type: PH].
= Helminthosporium (*Helmisporium”) herbarum Schwein., Trans. Amer.
Philos. Soc., N.S. 4(2): 279. 1832 [type: PH].
= Acladium heterosporum Wallr., Flora crypt. Germ. 2: 287. 1833 [type: STR].
= Cladosporium alnicola Corda, Icon. fung. 1: 14. 1837 [type: PRM].

= Didymotrichum alnicola (Corda) Bonord., Handb. Mykol.: 89. 1851.
= Cladosporium caricicola Corda, Icon. fung. 1: 14. 1837 [type: PRM].

= Didymotrichum caricicola (Corda) Bonord., Handb. Mykol.: 89. 1851.
= Cladosporium graminum Corda, Icon. fung. 1: 14. 1837, nom. illeg., non C.
graminum (Pers.) Link, 1824.
Cladosporium fasciculatum Corda, Icon. fung. 1: 15. 1837 [type: PRM].
Cladosporium lignicola Corda, Icon. fung. 1: 14. 1837 [type: PRM 155424].
Cladosporium nodulosum Corda, Icon. fung. 1: 15. 1837 [type: PRM].

= Didymotrichum nodulosum (Corda) Bonord., Handb. Mykol.: 89. 1851.

Cladosporium tomentosum Corda, Icon. fung. 1: 15. 1837 [type: PRM].
Helminthosporium (“Helmisporium’) flexuosum Corda, Icon. fung. 1: 13.
1837 [T: PRM].

= Brachysporium flexuosum (Corda) Sacc., Syll. fung. 4: 429. 1886.
= Myxocladium arundinis Corda, Icon. fung. 1: 12. 1837 [type: PRM 155582].
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Fig. 165. Cladosporium herbarum (CPC 11600). A. Overview of hyphal growth and conidiophore formation of a colony on SNA. Conidiophores are often formed on very wide
(approx. 10 um), septate hyphae that often grow near the agar surface. B. A more detailed view on colony organisation reveals the ornamented conidia. Note the septum near
the conidiophore (arrow). C. Detail of spore ornamentation and hila on a secondary ramoconidium (arrow). Ornamentation is visible during early stages of spore formation
(arrow). D. Structure of the conidiophore, illustrating the complex morphology of the spore-forming apparatus. In addition, secondary ramoconidia, conidia, and a hilum on
the conidium are visible. E. Complex structure of the spore-forming apparatus. F. Details of secondary ramoconidia with complex scar-pattern on the right cell. G. Details of a
secondary ramoconidium giving rise to conidia. Note the lack of ornamentation at the location of spore formation. Scale bars = 5 (C-E, G), 10 (B, F), 50 (A) pm.

= Cladosporium arundinis (Corda) Sacc., Syll. fung. 4: 364. 1886.
= ? Cladosporium herbarum var. typharum Westend. & Van Haes., Catalogue
des Cryptogames observes depuis 1835, dans le Brabant et das la Province
d’Anvers: 8, no. 173. 1838.
= Cladosporium amaranticola Opiz, Lotos 5: 41. 1855, nom. nud. [type: PRM].
= Cladosporium caespiticium Rabenh., Fungi Eur. Exs., Cent. VI, No. 579.
1863 and Bot. Zeitung (Berlin) 21: 230. 1863, nom. nud. [lectotype: M-0057455;
isolectotypes: HBG, HAL]
= Sphaerella tassiana De Not., Sferiacei ltalici 1: 87. 1863.
= Mycosphaerella tassiana (De Not.) Johanson, Ofvers. Férh. Kongl.
Svenska Vetensk.-Akad. 41: 167. 1884.
= Davidiella tassiana (De Not.) Crous & U. Braun, Mycol. Progr. 2: 8.
2003.
= Cladosporium fuligineum Bonord., Abh. Mykol. 1: 92. 1864 [neotype: B,
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selected by Braun 2001].
= Cladosporium microporum Rabenh., in Marcucci, Unio Itin. Crypt., No. 42.
1866, nom. nud.
= Cladosporium microporum Rabenh., in Cooke, Grevillea 17(83): 66.
1889 [syntypes: HBG, M-0057685).
= Cladosporium herbarum f. napi Thim., Herb. Mycol. Oecon., Fasc. IlI, No.
107. 1873 [syntype: M].
= Cladosporium herbarum f. Holci mollis Thiim., Herb. Mycol. Oecon., Fasc.
IV, No. 161. 1874 [syntype: M].
= Cladosporium herbarum f. Tritici vulgaris Thim., Herb. Mycol. Oecon., Fasc.
IV, No. 204. 1874 [syntype: M].
= Cladosporium herbarum var. torulosum Berk. & Broome, The Fungi of
Ceylon, no. 886. 1870; J. Linn. Soc., Bot. 14: 99. “1873" 1875 [type: K].
= Cladosporium herbarum f. phaseoli Thim., Fungi Austr. Exs. 1293. 1875




THE GENUS CLADOSPORIUM

[syntypes: e.g. BPI1 427201, HAL].
= Helminthosporium vesiculosum Thim., Mycoth. Univ., Cent. VIII, No. 784.
1877 [syntypes: e.g. B, HAL, PAD].
= Brachysporium vesiculosum (Thiim.) Sacc., Syll. fung. 4: 429. 1886.
= Cladosporium herbarum f. Brassicae Botrytis Thiim., Herb. Mycol. Oecon.,
Fasc. XII, No. 613. 1878 [syntype: M].
= Cladosporium herbarum f. Foeniculi officinalis Thiim., Mycoth. Univ., Cent.
10, No. 981. 1878 [syntypes: HAL, M].
= Cladosporium elegans Penz., in Saccardo, Michelia 2(8): 471. 1882
[neotype: PAD (Saccardo, Mycoth. Ital. 1189)].
= Cladosporium punctulatum Sacc. & Ellis, Michelia 2(8): 578. 1882 [lectotype:
NY; isolectotypes: BPI 427402, PAD].
= Cladosporium macrocarpum f. fraxini Roum., Fungi Sel. Gall. Exs., Cent. 22,
No. 2158. 1882 [syntype: B].
= Cladosporium profusum f. robustior Roum., Fungi Sel. Gall. Exs., Cent. 24,
No. 2364. 1883 [lectotype (designated here): Roumeguére, Fungi Sel. Gall.
Exs. 2364 (B 700006687)].
= Cladosporium profusum var. robustior Roum. & Pat., Rev. Mycol.
(Toulouse) 5: tab. 35. fig. 6. 1883.
= Cladosporium brunneum Cooke & Harkn., Grevillea 12: 96. 1884, nom. illeg.,
non C. brunneum Corda, 1837 [holotype: K 121546; isotype: BPI 426168].
= Cladosporium brunneolum Sacc., Syll. fung. 4: 358. 1886.
Helminthosporium phyllophilum P. Karst., Hedwigia 23: 41. 1884 [type: H].
Heterosporium abroniae Harkn., Bull. Calif. Acad. Sci. 1: 38. 1884 [type:
CAS 2558, now BPI 1108748].
= Helminthosporium nanum f. petiolicola Roum., Fungi Sel. Gall. Exs., Cent.
34, No. 3391. 1885 [syntypes: G, PC].
= Heterosporium epimyces Cooke & Massee, in Cooke, Grevillea 16(79): 80.
1888 [type material not preserved; neotype (designated here): UK, Millfield,
on Polyporus squamosus, 14 Oct. 1864, ex herb. M.C. Cooke, K (M) 121555].
= Heterosporium laburni Oudem., Ned. Kruidk. Arch., Ser. 2, 5(2): 174. 1888
[holotype: L].
= Cladosporium condylonema Pass., in Briosi & Cavara, Fung. Paras. Piante
Colt. Utili Ess., No. 79. 1889 [syntypes: e.g., BPI 426388, HAL].
= Heterosporium goiranicum C. Massal., Nuovo Giorn. Bot. ltal. 21: 170. 1889
and Mem. Accad. Agric. Verona, Ser. lll, Fasc. 2, 65: 117. 1889 [holotype: VER].
Cladosporium velutinum Ellis & Tracy, J. Mycol. 6: 76. 1890 [holotype: NY].
Helminthosporium acuum P. Karst., Hedwigia 31: 295. 1892 [type: H].
Helminthosporium compactum P. Karst., Hedwigia 31: 295. 1892 [type: H].
Heterosporium galii Fautrey & Roum., Rev. Mycol. (Toulouse) 14: 106. 1892
[lectotype: PC].
= Heterosporium caulicola Ellis & Everh., Proc. Acad. Nat. Sci. Philadelphia
46: 381. 1894, as “caulicolum” [holotype: NY].
= Heterosporium cladosporioides Ellis & Everh., Proc. Acad. Nat. Sci.
Philadelphia 46: 382. 1894 [holotype: NY].
= Heterosporium didymosporum Clem., Bot. Surv. Nebraska 3, 1893(2): 11.
1894 [holotype: NEB].
= Cladosporium acutum Ellis & Dearn., Proc. Canad. Inst., N.S., 3, 1: 91. 1897
[syntypes: DAOM, NYS].
= Cladosporium fusicladium Sacc., in Bresadola & Saccardo, Malpighia 11:
321. 1897 [holotype: PAD].
= Cladosporium herbarum var. vincetoxici Allesch., in P. Sydow, Hedwigia
36(6), Beibl.: 163. 1897 [T: M].
= Heterosporium avenae Oudem., Hedwigia 37: 318. 1898 [lectotype
(designated by David 1997): L].
= Heterosporium syringae Oudem., Hedwigia 37: 183. 1898 [lectotype
(designated by David 1997): L].
= 7 Cladosporium fagi Oudem., Ned. Kruidk. Arch., Ser. 3, 2(3): 768. 1902 and
Beih. Bot. Centralbl. 11: 538. 1902.
= Cladosporium herbarum f. dianthi D. Sacc., Mycoth. Ital. No. 1385. 1904?
(syntypes: e.g., BPI1 427194, SIENA).
= Cladosporium laricis Sacc., Ann. Mycol. 3: 515. 1905 [holotype: PAD].
= Cladosporium graminum var. moliniae-caeruleae Sacc., Ann. Mycol. 3: 169.
1905 [syntypes: Saccardo, Mycoth. Ital. 1583, e.g., SIENA].
= Heterosporium ephedrae Potebnia, Ann. Mycol. 5: 21. 1907 and Trudy
Oshch. Isp. Prir. Imp. Khar'kovsk. Univ. (Trudy Oshch. Estest. imp. Khar'kov
Univ.) 1907: 43. 1907 [lectotype (designated by David 1997): PAD].
= Heterosporium fraxini Ferd. & Winge, Bot. Tidsskr. 28(2): 256. 1907
[holotype: C].
= Heterosporium opuntiae Lindau, in Rabenhorst, Krypt.-Fl., ed. 2, 1(9): 84.
1910 [holotype: B].
= Heterosporium berberidis Ranoj., Ann. Mycol. 8: 399. 1910 [type: BPI
1108749
= Heterosporium cytisi Ranoj., Ann. Mycol. 8: 398. 1910 [type: BPI 1108761].
= Cladosporium vincae Fairm., Ann. Mycol. 9: 148. 1911 [holotype: CUP-F
2873(24-68)).
= Heterosporium asperatum Massee ex Sacc., Syll. fung. 22: 1388. 1913.
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= Heterosporium spiraeae Syd. & P. Syd., Ann. Mycol. 11: 406. 1913 [holotype:
S; isotype: IMI 16609].
= Heterosporium yuccae Bubak, Ann. Mycol. 12: 214. 1914 [lectotype
(designated by David 1997): BPI 802198].
= Heterosporium sorghi Ranoj., Ann. Mycol. 12: 418. 1914 [holotype: BPI
1108750].
= Heterosporium stromatigenum Bubék & Vleugel, in Bubak, Ann. Mycol. 14:
351. 1916 [type: BP1 802196].
= Cladosporium herbarum f. stellariae Unamuno, Bol. Soc. Esp. Hist. Nat. 34:
146. 1934 [holotype: MA 06330].
= Heterosporium atopomerum Kirschst., Ann. Mycol. 37: 122. 1939 [holotype:
B].
= Cladosporium sarraceniae Dearn. & House, Circ. New York State Mus. 24:
58. 1940, nom. inval.
= Cladosporium punctatum Dearn. & House, in herb., non C. punctatum
(Sacc.) Sacc., 1882.

= Cladosporium moldavicum Fosteris, Bull. Sect. Sci. Acad. Roumaine 26(7):
494. 19447 and in Savulescu, Herb. Mycol. Roman., Fasc. 27, No. 1341. 1944,
nom. inval. [syntypes: BPI 427266, MA-Fungi 8381, efc.].
= Heterosporium equiseti H.C. Greene, Amer. Midl. Naturalist 44(3): 642. 1950
[holotype: WIS].
= Cladosporium herbarum f. amaranthi Petrak, FI. Bohem. Morav. Exs. Pilze,
. Ser., 1. Abt. No. 1216.

Cladosporium hederae, in herb. (HBG).

Heterosporium caricis Grove, in herb. (K).

Heterosporium pseudoplatani Grove, in herb. (K).

Cladosporium herbarum f. Bambusae arundinaceae Thim., in herb. (M).

Lit.: Saccardo (1886: 350, 1972: 327, 1304), Lindau (1907: 800,
1910: 795), Ferraris (1912: 331), Gonzales-Fragoso (1927: 194),
de Vries (1952: 71), Hughes (1958: 750), Ellis (1971: 313), Domsch
et al. (1980: 204), Sivanesan (1984: 225), Ellis & Ellis (1985: 290,
468; 1988: 168), Prasil & de Hoog (1988), Wang & Zabel (1990:
202), McKemy & Morgan-Jones (1991c¢), Dugan & Roberts (1994),
David (1997: 59), Ho et al. (1999: 129), de Hoog et al. (2000;
587), Samson et al. (2000: 110, 2001), Zhang et al. (2003: 103-
108), Heuchert et al. (2005: 47-48), Schubert (2005b: 156-159),
Schubert et al. (2007b: 122-125).

Ill.: Ferraris (1912: 327, fig. 101), de Vries (1952: 73, fig. 15),
Yamamoto (1959: 2, figs 1-4), Ellis (1971: 314, fig. 217 A), Domsch
et al. (1980: 206, fig. 83), Arx (1987: 57, fig. 27), Prasil & de Hoog
(1988: 51, fig. 3), McKemy & Morgan-Jones (1991c: 311, pl. 1;
313, fig. 1), Dugan & Roberts (1994: 516, figs 4-7), David (1997:
62, fig. 17 F, G, 1), Ho et al. (1999: 130, figs 21-22), de Hoog et
al. (2000: 587-588, figs), Samson et al. (2000: 110, fig. 49; 111,
pl. 47), Zhang et al. (2003: 107-108, fig. 66-67), Schubert ef al.
(2007b: 124-126, figs 16-18).

Exs.: Baglietto et al., Erb. Critt. Ital. 1175, 1396; Bartholomew, Fungi
Columb. 2215, 3613, 4407, 4712, 4713; Beck & Zahlbruckner,
Krypt. Exs. 220; Briosi & Cavara, Fung. Paras. Piante Colt. Util.
Ess. 79; Cooke, Fungi Brit. Exs. 188; Desmaziéres., PI. Crypt. N.
France 304; Ellis & Everhart, Fungi Columb. 163 p.p., 383, 1082;
Ellis & Everhart, Fungi Columb. 383, 789; Ellis & Everhart, N. Amer.
Fungi 650, 652, 659, 2968, 2969; Eriksson, Fungi Paras. Scand.
Exs. 500; FI. Hung. Exs. 206; Fuckel, Fungi Rhen. Exs. 113, 114,
1909, 2561; Jaap, Fungi Sel. Exs. 175; Jack, Leiner & Stizenberger,
Krypt. Badens 327; Jaczewski, Komarov & Tranzschel, Fungi
Ross. Exs. 249, 296; Kabat & Bubak, Fungi Imp. Exs. 241, 242,
344, 443; Kari, Fungi Exs. Fenn. 100; Karsten, Fungi Fenn. Exs.
189; Keissler, Krypt. Exs. 2837 p.p.; Kellerman & Swingle, Ohio
Fungi 124; Liro, Mycoth. Fenn. 825-832; Marcucci, Unio Itin. Crypt.
42; Mougeot & Nestler, Stirp. Crypt. Vog.-Rhen. 299; Oudemans,
Fungi Neerl. Exs. 298; Petrak, Fl. Bohem. Morav. Exs. Pilze 513 a,
1102, 1216; Petrak, Fungi Eichleriani 48; Rabenhorst, Fungi Eur.
Exs. 77,272,577, 578, 579, 1271, 1283, 1284, 3895; Rabenhorst,
Klotzschii Herb. Viv. Mycol. 333, 765; Roumeguere, Fungi Sel. Gall.
Exs. 59, 258, 439, 950, 951, 2157, 2158, 2364, 3293, 3391, 4190;
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Saccardo, Mycoth. Ital. 391, 590, 1187, 1189, 1385-1387, 1583;
Saccardo, Mycoth. Ven. 588, 1070, 1071; Savulescu, Herb. Mycol.
Roman. 1341; Seymour & Earle, Econ. Fungi 502; Sydow, Mycoth.
Germ. 349, 946, 1781, 2044; Sydow, Mycoth. March. 1790, 1795,
4294, 4576, 4577; Thimen, Fungi Austr. Exs. 1293; Thiimen, Herb.
Mycol. Oecon. 107, 161, 204, 469, 613; Thiimen, Mycoth. Univ.
286, 586, 784, 981, 1767, 1963; Triebel, Microfungi Exs. 72; Vill,
Fungi Bav. 897.

Ascomata pseudothecial, black, globose, erumpent to superficial,
up to 200 um diam, with 1(-3) short, periphysate ostiolar necks;
wall consisting of 3-6 layers of medium red-brown fextura
angularis. Asci fasciculate, bitunicate, subsessile, obovoid to
broadly ellipsoid, straight to slightly curved, 8-spored, 65-85 x 13—
17 um. Pseudoparaphyses absent in host material, but remnants
observed when studied in culture, hyaline, septate, subcylindrical,
anastomosing, 3-4 um wide. Ascospores tri- to multiseriate,
overlapping, hyaline, with irregular luminar inclusions, thick-
walled, straight to slightly curved, fusoid-ellipsoidal with obtuse
ends, widest near middle of apical cell, medianly 1-septate, not to
slightly constricted at the septum, tapering towards both ends, but
more prominently towards the lower end, (17-)20-23(-25) x (6-)
7(-8) um; becoming brown and verruculose in asci. Ascospores
germinating after 24 h on MEA from both ends, with spore body
becoming prominently constricted at the septum, but not distorting,
up to 7 um wide, hyaline to pale brown and appearing somewhat
verruculose, enclosed in a mucoid sheath, with germ tubes being
irregular, somewhat nodular.

In vivo: Mycelium usually immersed, rarely superficial. Stromata
lacking or only with small, loose stromatic hyphal aggregations.
Colonies effuse, caespitose to punctiform-pustulate, velvety,
olivaceous-green,  olivaceous-grey  to  olivaceous-brown.
Conidiophores solitary, loosely aggregated, caespitose or in small
to moderately large, loose to moderately dense fascicles, usually
arising from immersed hyphae or swollen hyphal cells, occasionally
from stromatic hyphal aggregations, erect, straight to somewhat
geniculate-sinuous, usually distinctly nodulose, 30-250 x 3-6(-7)
um, usually septate, pale to dark olivaceous, olivaceous-brown,
chestnut-brown or brown, wall thin to somewhat thickened, up to 1(-
1.5) um wide, smooth to somewhat rough-walled, swellings up to 9
pm wide. Conidiogenous cells integrated, terminal and intercalary,
10-30 um long, nodulose to nodose, swellings usually multilateral,
occasionally more unilateral due to a stronger geniculation,
usually with several conidiogenous loci confined to swellings,
somewhat protuberant, distinctly coronate, (1-)1.5-2(-2.5) um
diam. Conidia catenate, in simple and branched chains, ellipsoid-
ovoid, subcylindrical, small terminal and intercalary conidia 5-15 x
(3-)4-6(=7) pum, 0-1-septate, secondary ramoconidia 10-25(-30)
x (4-)5-7(-9) pum, (0-)1-3-septate, not constricted at the septa,
pale to mid olivaceous, olivaceous-brown or brown, thin-walled (<
1 um), verruculose to verrucose, rarely a few intermixed conidia
almost smooth, ends obtuse, rounded to slightly attenuated, hila
somewhat protuberant, distinctly coronate, (1-)1.5-2(-2.5) um
diam.

In vitro: Mycelium superficial, loosely branched, (0.5-)1-5 um
wide, septate, sometimes constricted at septa, hyaline, subhyaline
to pale brown, smooth or almost so to verruculose or irregularly
rough-walled, sometimes appearing irregular in outline due to
small swellings and constrictions, walls unthickened to somewhat
thickened, cell lumen appearing to be granular. Conidiophores both
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macro- and micronematous, arising laterally from plagiotropous
hyphae or terminally from ascending hyphae. Macronematous
conidiophores erect, straight to flexuous, so